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’ o AE-II - COURSE CONTENT ’
COURSE LEVEL OBJECTIVES - Each student should:
a. Know the major factors which affect aircraft design..

b. Know how aircraft engineers have taken advantage of advanced
~design technology to make aircraft more efficient.

c. Know the major design characteristics of aircraft engines.
. - ]

d.. Know the effect advanced aircraft engine design has on improved
-a1r travel. )

. ) b

e. Know the basic elements of air navigation.
— 2

f. Know how to use the simpler aids to air navigation. "' '
g. Know the status of civil aviation. * ) )

h. Know the effect civil aviation has on our society and the
““problems yet to be solvéd. . ’

rd

i. Understand the role -of military aerospace in dur society.

i:‘ 3 . ) [y
o t N
INSTRUCTIONAL UNITS IN AE-II: ‘ '

I. Théory of Aircraft Flight r - /
. I1. Propu]s{bn Systems for Aircraf&qh

ITI. Air Navigation SN

IV. Civil Aviation and Facjlities » , - L

\

V. Military Aerospace.. . . "
Q( \A

4 "
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‘ 7 . . INSTRUCTIONAL UNIT I '
i ’ ) |
_ . " TREORY OF AIRCRAFT FLIGHT
‘ \INSTRUCTIONAL UNIT OBJECTIVES - When- the book is coho]eted each student

should:
a. Be familiar with man's eafj? attempts te fly.

> . ‘ b.. Know the basic -physical laws which 4pply to aircraft flight.

/

c. ,Know the properties of the atmosphere which are important to
aircraft flight. '

-

) , W
d. Know the forces aqgting uoon‘an airplane in flight.

e. Be familiar with aircraft stability and how it is affected by

-\77 aircraft controls.

) . f. Know how aircraft engineers have taken the basic physical laws '
and the characteristics of the atmosphere into account when
designing aircraft. . .

‘ g g. Know the ‘importance ofghircraft instruments ‘to safe flight.
“ = _INSTRUCTIONAL UNIT I CHAPTERS | T
o > , Page * /
A P Aéfodynamic Fo}ée; ’ I-1 ‘
II. Properties of the Atmos phere _ I-12
.+ 1L Airfoils and Flight - S &
- IV." Weighty Thrust, and Drag , R B oY
V. Aircraft Motion and Control , 1-38 .
VI. Aircraft Structure ~ ) I-47 |
VII. Aircraft Instruments . ' . [-57
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© CHAPTER I - AERODYNAMIC FORCES ( g

This chapter introduces the unit and places man's attempts

to fly in historical perspective. The student should realize

y ' that the Wright brothers' achievement depended on the ex-
perience of many centuries. Once the student has this sense
of Ristory firmly in mind, he can then examine the evolution
of certain other physical laws in order to see how these laws
affect aircraft in flight. Finally, he can take a quick look
at an aircraft in flight in order to see how both history and
?hysical laws help explain why the aircraft stays aloft.

1. oétm-uye;: \
TN AL Trdditional S EseH stideRt should:

(1) Be familiar with man's edrly attempts to fly.
(2) Know Newton's Laws of Motion.

(3) Know how Bernoulli's Principle applies to aircraft flight.

- - (4) Be familiar with the forces affecting an aircraft in flight.

‘ b. Behavioral - Each stu&e{t should be able to:
- (1) Give at least three examples of man's early attempts to \
fly. ) ¢ :
".
(2) -State each of Newton's Three Laws of Motion and give an
e d example of each. . '

(3) Describe how Bernoulli's’ Principle applies to aircraft

flight. ‘

(4) Name each of the four forces that affect an aircraft in
flight.

2. SUGGESTED OUTLINE: , ;

a. Man's early theories and myths about flight. v
% o
' (1) Grecian Legend - an attempt to explain why bird;;fly and

man does not.

. (2) Archimedes' Experiments - concluded that things lighter
than air will float in the atmosphere.

® S
. : ~

Q . ] 5 | ) \
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’ \
b. Early manned flying attempts .

) (1) Pre-Ch¥istian Chinese Period - Chinese man-flying kites;
. battle observation. \ ‘

(2) Leonardo da Vinci - designed forerunners of the parachute
. and a helicopter which lacked a power source; ideas dormant
until recently. 4

(3) Bird observation - observing birds~”in flight proved to be
the clue to the secr3;7of flight.

(4) George Cayley - 19th Century Englishman; built the first
true model glider. = - .

c. Twentieth Century advances

(1) Emergence of the combustion“enginé.

7’

(a) Primary source of bower in the 20th century.

(b) Samuel Langley - one of first to build a powered f.
aircraft.

(2) Introduction of the, dirigible - a steerable airship; : .
competed with heavier-than-air aircraft for superiority
in the early part of century.

(3) Wright brothers - Oryille aﬁd Wikbur, combined all the
, prg¥ious knowledge to make the first .successful controlled,
pacgﬁéd, heavier-than-air aircraft flight; ‘
N \: ’I ’ e ’
' d. Physical Taws underlying flight -

v N . _’/

1) -Basic principles of flight; heavier-than-air craft fly
_ because their airfoils 1ift and support’ their weight in -

flight as thrust is created which overcomes. the resistance
.of air (drag). ‘

. (2)" Sir Isaac Newton's (1642-1727) Laws of Motion

(a) Lak of Inertia - "a body continues in its state of
rest or uniform motion in a straight line unless a§
unbalancéd “force acts on it." )

. - (b) "The acceler@tion of a body is directly proportional
to the force exerted on the body, is inversely pro-
portional to the force exerted on the body, is
inversely proportional to the mass of the body, and
is in the same direction as the force." ‘

‘ - \' \ '
o . 1-2

l;f(l(;‘ ' | ) ‘; ‘ \.
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® /| .\ :
' (cA "When®ver one body exerts a force upon a second
-, y, the second exerts an equal and opposite force
upon the first body." : ) ‘ .
(3) Terms and explanations’ of Newton's Laws. - c//f/-\ :
. S . . .
(a) First Law. 72

1. Acceleration - the change in speed per unit of
time ima_given direction,

\ ¢ 2. Velocity - the rate of motion in a given direction. - ,
: (b) Second Law. - '
{ : : . -
: ' * 1. Force - Power or energy which possesses both
' . magnitude and direction and is exerted against
a material body in a given direction,
2. Mass - quantity of matter in a body.
3. Weight -.pull of gravity on that quantity of
matten - . - )
‘ (¢) ‘Third Law - for every action there must be an equal

and opposite reaction. 7
(4) Daniel Be#ﬁoul]i - 18th century Swiss scientist. \Jir

(a) Discovered the principle that as velocity of a fluid
increases its pressure decreases. )

(b) Venturi Tube - narrower in the middle than at ends ;”
this restriction causes a decrease in pressure - an .
-application of Bernoulli's principle. .

e. Forces of flight ) ‘
(1) Lift, weight, thrd$t, and, drag - opposing forces must be
“In balance with one another when an aibcraft is n straight
and level, unaccelerated flight". o A

(a) Lift - operates to overcome weight..
N ; (b) Weight - forceibu]ting the aircraft toward the earth.
(c) Thrust - force giving motion to aircraft. ) ‘ {f

(d) Draé\- force that oppoSes thrust or forward motion of
the aircraft. > ~ l




FEBRUARY 1975

v .7 3. ORIENTATION:

The.re1
(1)

(2)

¢\

ationship between history and flight science.
!

The first part of this chapter rev1e§s the historical
deve]opments of man's quest for successful flight, but

<ot in the detail or depth pursued in Aerospace Education 1.

AN

The Just1fica¢1on for the brief review is to reinforce your
students' recall of the historical developments of aviation-
and various types of flying craft in order that they may
gain an understanding as to why men f1 In thts mahner

[ we.make the transition from the historical development

“"of aviation to the theoretical principles of f11ght aqﬂ
the phydical laws which govern them.

£

I~ 4. SUGBESTED KEY PJINTS:

(NOTE:

v

*Ex ¥-9002,

11-37.

** V-9014,

¥,
Many page references cited in this hapdbook may not conc¢ide
with the exact pages of your reference books. Many referénce
books haye been revised several times s1nce AFJROTC started
in 1966

. a. W& take the student back 1n history to thé myths
pp 1-4°, and legends related to man's desire to fly. We

- show that there were undoubtedly some grains of
pp / truth and fact contained in them and that the

/ pyramid of legends and experiences gradua71y énabfﬁax\ '

© kR Y-0156 (197 man to realize his dream
ed.), pp 626-9
* y-9198, b. As man observed the air space around him and-~such
(The F1y1ng natural phenomena as smoke rising and the flight

Mach1ne) pp of birds, he became aware that his basic probtém

-4/

! ** y-9002,
4-8
** \.9014,
36-69
*k Y9156,
629-40
** {-9002,

Fkk V‘ZgT4
80-84

*xk V-9156,
640-4

** V-9157,

" was to build an airship which was lighter than a
like volume of air.

¢ Since satisfactory pgwer sources for heavier-than-
'Pp air craft weren't available, the Montgglfier

. brothers introduced balloon flight. Coptinuous
progress and success with balloons revigalized
and stimulated man's interest in flying.

d. The student should be brought to récofnize that
pp K\:he true pioneers of flights were thel nineteenth

century experimenters who laid the real fouhdations
pp 78, or controlted, powered, he jer- than-air flight.
pp- (1) Among these stand out such' notables 55 George
Cayley who constructed the first true model
pp 8-13 g]ideik and John Montgomery and Otto Liljenthal
’ who recognized the need for an understandifg
of bird flight and the controlling of gliders.

| | 14 \\\\\\ »
: ]

<

[}
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e. The late 19th and early 20th centuries .saw the

*** V-9014, pp . emergence of the combustion engine. Much of its
. - 84-88° . » development was clouded by history and time. One
- ** V-9156, pp - of the first to build an aircraft and power it ]

644-5 | * with an internal combustion engine was Samuel
, e Langley; Secretary of the Smithsonian Institute.

(1) During the early part of the century we saw
** y-9014, pp 70-71, ° the dirigible balloon‘or airship competing

124-125 with heavier-than-air ships for superiority.
** y-9156, pp 639-40, However, as engine horsepower and aircraft
AR V. ‘design developed, the dirigible: lost out due '
. to the advantages of greater maneuverability
** V-9002, pp 13-15 and speed of airplanes.
** y-9005 (1971 ed.) ' .
. pp 12-13 f. The foresight of the Wright brothers in taking
- { advanfage of all previous research and in finally
*** V-9014, pp achieving the first successful "controlled,"
86-87, 106-109, '"powered," and "heavier-than-air" aircraft flight
< Y 114-115 . catapulted us into the aeronautical age.
‘ { ** y-9156, pp 645-6 . : .
. . g. Physical laws underlying flight . ‘
, (1) 1In this section of our chapter, we deal with :
‘ , . the principles of aerodynamics and the physical
¢ . laws that apply to them. The students must
** 9002, pp 38-40 acquire a solid foundation in Newton's Laws
- ~*¥* V-9013, pp 43-4 of Motion and Bernoulli's Law of Pressure
** V-9065, pp 13-16, \pifferentiaT before progressing further into
22, 44-5. the subject of aerodynamics.
N (2) 1In applying Newton's Laws to the principles
o of flight, we will want to consider velocity
’ ) as the rate of motion in a given direction
’ . and acceleration as the change of rate of
- motion in a given direction per unit of time.
-~ The latter two terms comprise Newton's First
Law of motion. :
A
: . ’ (3) In considering the Second Law .which deals with v o
*kx y-90231, pp * force and mass, we think of force.as being
13-16, 20-24 "power" or "energy" which has magnitude and -

, direction and is exerted against a material
body in a given direction. Mass is the
. quantity of matter in an object. We can then .
AN combine these ideas into a formal statement.
. . "The rate of change of motion of a body is
directly proportional to the power or energy
exerted against this body, is inversely pro-
"‘(/’——\\\\\ , portional to the quantity of matter in this
. ot . body, and is in the same direction as the )
power or energy exerted against this body."

‘ . i ' ;35 . |
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(4) The Third Law - for every action there must
be an,equal and opposite reaction g is
essential in arriving at our composite summary
of Newton's Laws. ' N

. (5) Bernoulli's discovery of the principle that

as velocity incréases, its presst ~e decreases "
~ is'a primary key to powered combustfble flight. *

The latter principle is utilized-in the
Venturi Tube, an important part of any car-
buretor. _The Venturi Tube is narrower. in the
middle tfan it is at the ends. The Venturi
effect-causes fluid passing through such a

“ " tube .to speed up as it reaches the middle. !
‘ 1 results in less energy for the ekertion-
. of pressure, causing a decrease in pressure.

The effect is known as Bernoulli's Law of - .
Pressure Differential.

SUGGESTIONS FOR TEACHING; ’ !
a. Suggested time: 1-2-3 (Translation--if you teach two academic
Aeriods per week we recommend you devote one hour to this sub-

Ject. If you teach three periods per week you could devote
two periods. If you teach four academic hours per week ybu
could devote three periods to the subject. These "Suggested
times" are just that--recommendations. Adjust“the emphasis
according te interest and talent--both yours and the students'.)

b. Motivation. Because the student. has already been exposed to
aviation history in his first year, you will have to do’ some
stage setting to revive his interest for the initial introduction.
of the chapter. .If substantial public or school Tibrary facilities -
-are available, you might establish a book display corner which . :
would cover reading material that would supplement the reseurce
material recommended in your key points. Another possibility
is to prepare a bulletin board which depicts the historical
advances in flying craft, but which is also labeled with captidns
to show how these advances have extended thé use of the physical
* principles of flight relative to Newton's Laws of Motion and
" Bernoulli's Law of Pressure Differential. - .

¢. . In introducing the lesson, you should consider the wealth of
support materials available for this*text. The 5 minute FAA
Film "Kites to Capsules" (see paragraph 6 below) would be an
rexcellent intersst stimulator. If. you are Tucky enough to
have an opaque pRrojector, there are numerous -coTorful historical
pictures Yin your keference library books. After you have
established  flying\as an interesting 'subject (which.shouldn'?¥

I-6- '
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-

be too hard, to do) you may effectively ask the students.to
cofipare aviation history to what-thdy have learned in other

.courses. This discussion should include the significance of

flight’and the development of the principles of flight. Such,
a_discussion should effable you to determine what your students
already know about -the subject. The student discussion can
be effectively symarized by recording with the students the
stages which ‘depict the historical, advances in aviation. NOTE:
A pre-test could work well as a méns of determining student

knowlédge about this instructional unit. ' .
Another good method is to divide the class into groups and have
each group research,one historical phase. They can relate their
assignment to the scientific principles of flight when they .
make their report to the class. .

Throughout this instructional unit, thewe are many excellent .
opportunities to work with .other instructors. For example, s
the instruction on Newton's Laws may be_best accomplished by
using the Physics instructor as a guest lecturer.>” Thé Chemistry
Department should be contacted prior to covering Chapter II. '
For Chapter VI, you may want.to have your students do some

actual construction. Fhe shop and vocational instructors should

. be able to offer valuable assistance. Under any, circumstances,

your instruction should supplement the instruction received in
other classes on the same subject.: You will "turn off" your
better students very quickly unless you are aware of what they
have already been taught about.the subject. Use their knowledge

to supplement your instruction. ' ,
If qési%T\possib1e, you should review your plans for the entire

unit of instruction prior to planning projects.  For example, .
kite flying would be appropriate for Chapter I or III while

paper airplanes are an excellent instructional aid for Chapter
IIT. These same paper airplanks can be modified when studying

_aircraft control in Chapter V. If your students have not made

model aircraft in AE-I, constructing models either for Principles
of Flight in Chapter III or Aircraft«Construction in Chapter VI
would be appropriate. o

Parts I and III of the FAA History of Flight series (see para-
graph 6 below) should definitely be considered for this chapter
in the event that your students did not see them in AE-I.

The Theory of Aircraft Flight unit of instruction can be quite

. - & khallenge to many of your students, but it should also be

one ‘of the most fun coursgs. As your grandmother used t3 say,
"Why does man want to fly anyway? He should stay home and
watch TV like God intended." - e

I-7
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.

i. The next time the class meefs, I would suggest you first dis-

cuss the phys1ca1 laws affecting aerodynamics.

instructor may assist you here.

ver and relate their findings
. be sure to summarize with the class
»  that were derived from this chapter.

J. Answers to Chapter I Questions:

|

[ r

. | basi

. takefj

(1)
(2)

(8)

(9),

(10)°

(1),

k. Student text assignment”

R a. Films (NOTE:
. = good, *

1’

More control,

Greeks

Birds fly and man .
does not

Leonardo da Vinci

Smoke

‘Stability and Steering

John Montgomery;, Otto
Lilienthal

*(b) being one.of the

first to build an 1nter-
nal combustion engine’

more
power, higher speed

True

(answer - page 8 of _ .
text)

30 pounds

s

6. INSTRUCTIONAL AIDS . -

= fair-or poor)

USAF

-

(12)

(13)

(14)

(15)

18)

(17)

vead pages 1 - 12,

Asterisks denote film rat1ng, e.g.

The Physics

.Following a discussion of the
flight concepts you could hav{gxpur project committees

the class. Afterward,
e key understandings

,
14

Rate of motion in a given
direction o N
More énergy is used up as
the molecules accelerate,
thus reducing the pressure

False - Aviators should under-
stand -the principles of flight
which contribute to safety
and .efficiency ,
Lift - the upward force

exerted on a balloon or air-
strip; Weight - the force 1
“with which a body is attracted
to the earth;, Thrust - the,
driving force exerted on any
aircraft; Drag - a resistant
force -exerted in a direction
opposite to the direction

of motion and parallel to

the air stream ' -

True

False - -

e

SFP 506 Air Power -'Féo]s,'Ddredevils and Geniuses: 27 'min.,

B&W, 1957 (This is a better aid for AE-I,
effective if not already-shown).

but .

Kk k .
-~ A

, *¥x% = excellent,,
; :

!

.
N
‘ |
'
]
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)

SFP 1222 High Flight, 2 min., color, 1963, *
TF-1-5300 Beyond the Stick and Rudder, 14"m1n.,qg5w, 1959.
*k

TF-1-4805-How an Airplane Flies, 26 min., B&W, 1953 (Uses
old aircratt and not toa interesting - preview
before showing). * .

(2) FAA - -

FA-905 Kites to Capsules, 5 min., color, 1969. ***

‘FAN Y05 History of Flight - Wright Brothers - Part I,
28 min., B&W, 1971, **x . .
. . ‘
FAN 106 History of Flight - Wright Brothers. - Part II,
28 min., B&MW, 1971, x* o

Transparencies L

V-1008A Forces Acting on an Aircraft in Flight

- Y-1030 Things at’Rest (Units activated after 1971-72 will
not have 1030 and 1031) . .

V-1031 Things in Motion ) . R
Siidés -

-

V-0086 - Slide 12 (NOTE : The narrative %hd
) sTides from series V0101
- V-0087 Slide 4 may be appropriate for parts .
of this ¢hapter depending on :
Miscellaneous \ ; . your plan of approach) .

(1) Demonstration Aids for Aviation Education, compiled by CAP
and reprinted by FAA, has some outstanding ideas for in- .
structional aids. The ideas will be- useful thésrghout this - L

unit of instruction. This publication was dis&ributdd to.
all AFJROTC units.

tan be used to hglp you or your students prepare your bulle-
tin board. It algo is advisable to alert your students
to bring in materials in order to build a resource file.
+(NOTE: Some instructional aids will be listed for more ,
than one chapter as they are appropriate as E%gport
in several areas.)

(2) Most school 1ibr%Ejés will have resource picture files that

\
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7." PROJECTS:
* a. See page 11.of the text.

bk Rather than just reporting on the historical advancements of
ight and their relations to the principles.-of aerodynamics, _
P your students should be encourgged to make mobiles .and mock-ups
under the guidance of their arf and industrial arts teachers.
Be sure to coordinate with thgse staff members early.enough so
that they can integrate their’ planning and acquisitipn of materials
with yours., Students should be encouraged to make materials for
overhead and opaque projection when presenting their projects
to the class. )
~ .
c. Have each student report on at least one example of how Newton's
Laws apply to students” in everyday.life.

d. Find out i there are any members of the "Early Birds" or the
"99s" in ygur area. They would be outstanding guest speakers.

e. Build a Forces of Flight demonstration model. Merely make a
square wooden frame. Cut out a side view of an airplane, ,
and suspend it with rubber bands inside the frame.

~ ‘

.

|

f. The December 1913 issue of Flying maggzine has Orville Wright’s
' own account of the Wright Brothers' ffrst successful power-driven
flight. Perhaps some of your students could locate this through
the local library. -

g. Build a model to demonstrate Bernoulli's Principle. (Also shown
in the CAP booklet Visual Lommunications System by William J.
- Reynolds.) Using string, cuspend two ping pong balls from a
’ heavy wire, Using a straw, blow between the two balls and they

will come together. By huilding a framgA,bﬁT§‘d<z1ce can be used
on the overhead projector._ ‘
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. 8. FURTHER RE#NG:

c.

b.
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See page’ 11 of the_text.

Ag&oépaCe Historian magazine.

Flying magazine.

Skylights. Published monthly by the Rational Aerospace Educa- -
tion Association, 1100 17th Street, NW, Suite 312, Washington

DC 20036.  Furnished to all- members of the organization as a

part of the annual $10.00 membership fee. It includes articles

on aviation and aerospace developments and events.

Your Aerpspace World, 1974, CAP (available through Bookstore,
Néfio?al Headquarters,’ CAP, Maxwell Air Force Base, Alabama
36112). . B

15
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IDEAS FOR IMPROVEMENT OF THE TEXTBOOK AND/OR INSTRUCTOR'S GUIbE
AND TEACHING TECHNIQUES MOST EFPECTIVE FOR THIS CHAPTER.
. TO BE COMPILED AT END OF TEXT AND SENT TO JRC

THﬁg?Y OF AIRCRAFT FLIGHT °

o=
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CHAPTéR I - PROPERTIES OF THE ATMOSPHERE

This chapter approaches fligh from a different angle. Heve,
the student learns about the medium of flight - the atmosphere.
The essential physical charact ristics of the atmosphere are
sketched so that’ the student wiN be able to understand -sub-
sequent sections of this unit. - -

OBJECTIVES

a. Trad1t1ona1 - Each student shou]d

. (1) Be fam111ar with the compos1t10n of the atmosphere

{2) Know at 1east four phys1ca1 propert1es of the atmosphere .
b. 8ehavioral - Each student should. be able to:

(1) Describe the~atmosphere.

(2) Identify $ome of the features of the atmosphére's layers.

(3), D?scuss at least four physica1 properties of the atmosphere

* . i

SUGGESTED OUTLINE : . . .

a. The atmosphere:, what is it? \ ' ‘ .o ,: -
(1) Body of air which surrounds earth. )

(a) Consists of d1fferent 1ayers, shells or spheres.
(2) Definition of air - Mixture of gases 1n the atmosphere.

(a) Nitrogen - 78.09% t

(b) Oxygen - 20, 93% L ) |

(c) Remaindér - numerous substanceszin minute quantities -
x‘1nc1udes argon, wéter vapor, CO ,.dust, smoke, etc.

' b. Structuregand composition of‘atmosp ere as it affects flight.

’;"' vy oA

(1) TropoSphere :
(a) Lower;!ayer, 5-10 miles thiick. .
{b) "The sun-warmed earth as a sourge of heat. .
(c) Most aircraft flight takes place in this‘zone from

the sarface to 26,000 feet at the poles and to 52,000
feet at the equator ,

b f




. ]
. . . )
L .
-
. . a
. A N .
. N + . .
. ‘ . = ‘e
. . .
. 2

FEBRUARY - 1975

(d) This zone contains over 80% of our air (by weight).
Molecules here cause more resistance to flying
aircraft (drag) than in, any other zone. O\

»
¥

;Lphene
d, globe
is located

(2) Tropopause - Narrow border zong between the
and the stratosphere. The jet stream (a hi
circling wind with 100-300 miles per hour win
at or near the tropopause.

op

(3) Stratosphere.

'ka) Zone which extends from the tropopause to about 264,000
feet above the earth's surface. - .

(b) Fairly constant frigid temperature in lower sections.

(c) Air is thinner in this region, so an airplane encounters
- less reSistance from the air. ’

(4) TIonosphere - upper atmosphere.

(a) Contains few particles of air

(b) Breakdown of gas particles because of electric discharges.

Physical prqperties of the atmosphere, . -;“; .
(1) 'Aif is matter. ) ”
(2) Matter‘has wq{ght‘pnd occupies space.
i3)  Air pccupiés space. \\' ) .
() Wir {; a'f]uiﬁ: o .
. (5) kis conpressible, o }
(6) " Ajr'e;certs'pfessure. " '
(%) Pressure - force peﬁ'nnifsaréa.
. (@)‘ Fotce - measured in “pounds. O : ’
" (b) Air pressure - measyred in pounds (of force) -
per-square inch (o' surf§charea). _
(éQ ‘Iéfricé]]i - Experimentys with 1iquid mercury.
' (a) ObseQde.that éir~pr€ssure (showsfby'rise and fall of
Y, mercury.in §~?Pbe) changed as'the'weathe? changed.
P ‘ a3
» . %
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A d

(9) Standard pressure - amount of étmospheric pressure
necessary to raise a column of mercury to 29.92 inches. T e

(10) Absolute pressure - pressure measured by means of a column
aof mercury.

d

(11) ReTative pressure - reading relative to exiéfing outside
pressure,

—-—

(12) Density - mass per unit volume.

(a) Unit of mass - slug.

/\
\ (b) Density decreases as height increases - the higher you
go the less dense the air is.
, (13) Air holds, varying amounts of water vapor,
7 1
J; (a) Water vapor is water in a gaseous state. ' N

{b) Wate{ vapbr weighs about five-eighths as much as_a
similar amount of air. oo

(14) Increasing the temperature of air decreases its density if
the pressure is constant. | . -
(a) A given volume of hot air weighs less than the-same
volume of cold air, ( '
< L RN

3. ORIENTATION: Lo - e )

a. This chapter underlines the importance of the atmoépﬁere as a
. primary factor 'affecting the flight of aircraft. Much of the
: material is simply a review of materia] covered in AE-I.

b. It is’ important for the student to become acquainted with the
composition and physical properties of the atmosphere in order .
to comprehend the problems encountered by aircraft, pilots, and
passengers as theys pass through the atmosghere at various levels,

c. Knowledge of these properties will improve the student's chances
of understanding how planes fly when they progress to more complex -
subject matter dealing with the theory of flight in subseqrent ’
chapters. "

L3

4. SUGGESTED KEY POINTS:

-a. An understanding of the atmospheré relative to its

**V-9002, pp characteristics and elements of composition is an o
40-41 important factorein flight.” We learn that the body J
** V-9005, pp *of air which surrounds the earth consists of different /
.99-100. . layers or shells.
o S %10




[ 4
. .

FEBRUARY 1975

b. Air is a mixture composed of several substances ‘
***y.9013, pp 8-12 Nitrogen accounts for 78.09% of air; oxygen for
*V-9107, pp 1-3 20.93% and approximately 1% argon, hydrogen,
**y.9156, pp 198-9 carbon dioxide, carbon-monoxide, and minute
**V-9176, pp 12-13 quantities .of rare gases such as helium, krypton
*V-9013, p 4 and zenon make up the balance. "

(1) Air at low altitudes also contains varying
**y-9107, pp 1-3 amounts .of water vapor, smoke and dust particles
**y.9187, p MET-2-3 '
. c. The composition of the atmdsphere varies in different
**y-9013, pp 10-11, layers. The. tropdsphere, which is the lower layer,:
**V-9107, pp 1-3, is five to ten miles thick and contains over 80%

. 221-222 - of the air molecules. Theseymolecules offer the
**\.9187, pp "~ greatest resistance to flying.aircraft (drag).
MT 1-7 :

: d. Between the troposphere and the next layer, we have

**y-9013, pp 10-11 a narrow border zone known as the tropopause. The

**¥-9107, po 1-3, jet stream, which is a high speed globe circling -

221-224, 227 wind achieving speeds of from 100 -to 450 m1Tes an ’
houn,'izjat or near the tropopopause. .

% -

e.
**y-9013, pp 11-15 extends approximately ten to 55yniles above the
*V-9107, pp 1-3 earth's surface and has fairly cdastdnt frigid
' - temperature in the lower sections. 1, .. , ‘-

Above the tropopause we enter t%&astratosphere which

~ - (1) The air is th1nner in this region of the
" athosphere and aircraft encgunter less
resistance from the air.

e . f. The upper atmospher1c 1ayer is known as the ionsphere
**y.9013, pp 12-13 . and contajns very few part1c1es of air. The few
.o . “particles found in this region are ions (charged
gas moletules) which give us electrical manifesta-

%

/ ~ tions such as the Northern Lights., 4 i

g. To date, of all the 1ayers of the atmosphere the
*Y. 9107 pp troposphere is most important because most aircraft,
221- 222 i fly within this zone and most weather occurs here. -

h. Air, a name conven1ent1y used for:atmosphere, has

*V-9103, pp 10-11 seuera] important physical charactgristics: it
- *V-9107, pp 3-14 matter; it.is a fluid, it is compredyible; it exe#ts ’
L FV-9156, pp v pressure, it*can hold varying amountts of water vapor;
212-213 . and it .is_affécted by changes in te perature. - '
***{.9176, pp 9-12, S ‘
61-63 i. The weight of air and its density varies At nor

sea level the'pressure is approximately 15 pounds - - &v
*V-9103, pp 9-11  per square inch. As you climb upward in the atmosphere,
**y-9156, pp 199~ the air becomes colder, th1nner and lighter and at

03 . -18,000 feet: the pressure)s only half of that ‘ -
- ***Y.0176, pp 23-37 found at sea level. | . y
. 48-53 ERRA — o

. El{llC ' " 1-15 "o,
g \ N.\}
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" (1) These variatiops in atmospheric .pressure affect
***V-.9187, pp MET-7-10 pilots, passengers, engines, and the plane
. ’ itself.
/ " . (2) Decreased pressure has a definit® effect on
/ ’ ' takeoffs and landings, rates of climb, air
. speed, and fuel consumption. -

| *5. SUGGESTIONS FOR/IFACHING:

a. Suggested time: 1-2-3 (Translatipn--if you teach two academic ,
periods per week we recommend you devote one hour to this sub- L
14 ject., If you teach three periods per week you could devote =
: two periods. If you teach four academic hours per week you:
could devote three periods to the subject. These *"Suggested .
times" are just that--recommendations. Adjust the emphasis *°
according to in;erest and ta]ent--both yours and the students'.) p

b. Much of this chapter 15.a review of Aerospace Environment. You
» should know how extensively you have already covered th1s material
and adjust the emphas1s accordingly. X i
c. Sc1ence or Chemistry teachers may a]ready have covered this
. material in their classes. As you discuss your instruction plans ,
y with them, they should be able to offer several additfonal ideas.
‘ Also, if you decide to conduct any of the numerous experiments
_available, ybu will undoubtedly want to borrow mater1a1s and
supp11es from the S™ence Department. \\\-

. . d. Demonstrations of the properties of air are very effective. In

’ addition to the ideas listed in the resources for ,this chapter

you can (1) place partially inflated balloone over the tops of.

two pop bottles, place one bottle in ice and the other in hot .

water; (2) submerge an inflated balloon in water, {3) demonstrate
"different fluid densities by drOpping marcury into a beaker of ¢ .
water; (4) release two balioons - one filled with helium and ° L)
the other with air;-and-(5) place an uninflated ba]]oon on one

side of a balance scale and an‘1nf1ated balloon on the other

e. Answers to Chapter II Questlons: .- L ’ . ' .
(1) Atmosphere (9) _ True
e .+ (2) Troposphere, strato- {10) d. all of. the-above
. sphere, and ionosphere : . :
R OR lower atmosphere, (11) Substances which may be made .
middle atmosphere, to change shape or to flow ‘
- and upper atmosphere .o by applying pressure to them

M (3) The mixture of gases (12) Pressure
‘ C

‘ _ "in the’ atmosphere
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(4) Oxygen (13) Air press1ng on ‘the mercury
! in the dish balanced the
(5) troposphere or weight .of the mercury in -
Tower atmosphere the tube. Abouf.BO?
(6) The t*opopause (14) -False (you are measuring
: relative pressure)
(7) 10 to 55 ' .
. (15) Less

(8) Ionosphere or upper :
atmosphere (16) Less; lighter .

(17) Increases
f. Student ‘text assignment: .read pages 13 - 23.
6. INSTRUCTIONAL AIDS: - !

,a. Films:

.
e

(1) FM: FA-603A Dens1ty Altitude, 29 min.,. colnr 1966 .**:
(2) See pages 18 - 19 of V- 9175c and V-9176c- _f‘ o ' Vv
b. Transparencies: . S S j'
(1) v- 1026 A1r STows Satellites . » |
‘ (2). V- 1034 Regions of the Atmosébere
(Un1ts activated after 1971 72 w111 not have these items)
c. Slides: . R L.

“«

(1) FAA AP-1 "The Atmosphere," 58 s]1des w1th a 23 min.'
sound tape, 1965. -

(2) V0087 Aircraft in Flight, slides- 1 and 2.
d. Miscellanedus: - . -

(1) Demonstration Aids for Aviation Educatiom, CAP, '~ ~. -,
pp 2-8, 21:33. , SR

(2) v-9176, pp 413, 23-37, 48-53, and 61-63.

(3) Most encyclopedias contain ideas for experiments to
demonstrate the various propéerties of air.

7. PROJECTS:
a. See page 22 of the text.

[-17
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" b. Have your students devise and perfom; additional experiments to
. . demonstrate the properties of air. i '
* "‘/\ 8. FURTHER READINGS: v ~ T . .
. : . . 7 .
_a. See page 22 of the text. . C. . *
b. Aircraft in F1'i_ght:z CAP,
c. Most encyclopedias have excellent sections on this suybject. <
Many of them such as Compton's -and the World Book-also include ., . ~
\ excellent suggestions for experiments ‘and demonstrations. - - ‘.
- d. Your Aerospace WON'.d, 1974, CAP, a
.b : .‘ . l’
\
3 L4 - . & ”
[ . \\,‘ i
13 \‘
’ ) \ .’ -
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AND TEACHING TECHNIQUES MOST EFFECTIVE FOR THIS\ CHAPTER.
T0 BE COMPILED AT END OF TEXT AND SENT TO JRC

. THEORY (X AIRCRAFT FLIGHT

IDEAS FOR IMPROVEMENT OF THE TEXTBOOK AND/OR INSTR:\CTOR'S GUIDE
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a . ¢ B3 - \
‘* . l\ CHAPTER 'III - AIRFOILS AND FLIGHT L.

This chapter is perhaps the most critical section of the ent1re
unit. Chapters ene and two have introduced the student to the
physical laws underlying flight and also to selected physical
properties of the atmosphere. This chapter then relies on this
physical orientation to explain 1ift. An examination of the .
airfoil precedes a discussion of the inteéraction of wind and
wing. The Venturi tube's evolution into the airfoil concludes
the discussion of the generation of 1ift. “ The last section of
the chapter discusses the ways in which 1ift can be varied.

1. OBJECTIVES: , e

»

.
* e

-~
»

a. Traditiona] s Each student shou]d-

[

s _ (1) Know the basic e]ements of an airfoil. .
g (2) §_?t' the d1fﬁeren¢e between pressure‘d1fferent1a1 and 1mpact -
. (3) Know how lift can be yarieﬂ_and what happens as a resb]t
(4) Understand -the re]at1onsh1p 0 ﬁgﬁ to the physical principles .
. | _ﬁa_ﬁraﬁert1es of "the atmosph '
‘ b. -Behavmral - Each student .shou]d be ab]e to: ‘
(1) Descr1be at ]east three of the basm"e]ements o&(m a1rfo11 .

(2) state the d1fferences between pressure differential.and
1mpact 1ift.

)

(3) Discuss how 1ift “can be varied and describe what happens’ as

a Y‘ESUit | <

(4) Re]ate l1ift to the physical principles and properties of
. the atmosphere.

2. SUGGESTED OUTLINE:

a. Definijion of the term "airfoil" .

b. Study of airfoil design
g1) Use of thé wind tunne] to study airfoil design

- (2) E]ements of an a1rfo11 (1eading edge, tra111ng edge, chord .
‘ and camber) '

+ . . N
. 4
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c. Relative wind and angle of attack

(1) Anale of Incidence '

(2) Attitude. !

“d. Lift o . e
(1) Bernoulli's Principle , Lo . O
(2) Newton's Third Law - impact 1ift . "L

/

(3) Total 1ift

-
1

€, Varidbles affecting the amount of 1ift generated

' (1) ,Angle of gttack o ‘ ' $
(2) Speed of relative wind . -
?3) Air density A . L
(4) Airfoil shape ;! P '
(5) Wing area o L
.(§) Airfbi]up1anfonns ‘

. . . ’ - ) “
(7) Devices:such as flaps, slots, and spoilers,

" 3. ORIENTATION: . '
a. This phase is based on the physical laws developed in Chapters i
One and Two. Newton's Laws of Motion and Bernoulli's Law of * ° ™
Pressure Differential are the steps leading to an understanding
of the airfoil's ability to move through the air and generate -
enough 1ift to suppor®rthe weight of the aircraft in flight. "~ \

b,  Lift variables, either from design or under pilot gontrol, are
discussed. These variables have magnitude and can be calcéilated
mathematically. It is up to you to recognizé the math ability
levels of your students and either go into problem solutions in
depth,. or to stay at a lower ability level. You may want to
challenge your better students by using contracts or some other ,
individualized technique. ‘ :

c. An undersianding of this *chapter is important for the student
‘ because the next chapter deals with the other three forces acting”
on an aircraft while in flight.. . . T

rJ% '. AT -

) \ - oo
: 1-20 ' ,
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4. SUGGESTED KEY POINTS::

¥

pp 38-54

> ¢

a

) ‘a. The term and concept of "airfoil" are important and
*V-9065, pp 13-18 must be understood. It is more than just the wing
***y_9118, (3rd ed.) of an aircraft. It includes any part of the aircraft -

LN

«

« that is designed to produce 1ift.
**V-9156, pp 14-16
b.

The wing is the primary airfoil that 1ifts the air-
craft in fiight. In the dggign of airfoils, cross-
sectional profiles are use Both. curvature and
thickness are necessary to“Mave an effective airfoil.
To better understand these designs, it is important
that the student understand the parts of an afrfoil.

(1) The leading edge is the portion of the airfoil
that first meets or bites the air.  Its actual
shape is determined by the purpose for which
the airfoil will be used. It may be blunt for

slow moving aircraft or very sharp for high
speed aifcraft. .

(2) e trailing edge is that portion of the airfoil
over which the air passes last. It is the edge
where the airflow over the upper surface joins
the airflow over the Tower surface. When these
two streams of air rejoin, the upper stream
resumes the same speed as the lower. The .
trailing edge will take on an added dimension in
Chapter IV when the, supercritical wing is dis-

. cussed.

(3) The chord of the airfoil. is a reference line
from which the upper and lower contours of an
airfoil are measured. It is simply an imaginary
straight line drawn through an airfoil from its
leading edge to its trailing edge. This line
is used as the referente ]ine in’medsuring camber
or curvature of the ajrfoil.

(4) The camber of the airfoil is the amount of
curvature of the upper or lower surface with
respect to its chord. The curve of the upper
surface is referred to as thé upper camber, and
the curve of the lower surface is referred to
as the Jower camber. Usually the lower camber
has less curvature than the upper camber, and
it is this difference in curvature that leads

"to an increase in air speed over the upper sur-
face of the airfoil, and a resultant decrease
in“pressure (Bernoulli's Principle).

I-21 s
i}r?
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**%).9002, pp 55-6
y*V-9047, pp 76-79
**\.9089, pp 45-48

***\_9118, pp 39-44
**-9156, pp 16-19
24

*x*\.9157, p 69
**/_9162, pp 5-6
**-9166; pp 2-7
**\.9167,; pp 9-15

***¥~9187, pp AB-2-

o .

d.
**V-9002, pp 61-54

*V-9118, pp 32-33
**%|-9156, pp 11-15
**\-9162, pp 4-5
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The example of the student's hand out the car window "
is used to explain relative wind. At this point it

is not important that the 1ift is primafily impact
1ift. The important factor is relating|fthis knowlédge
Lo an airfoil moving through air. The dirstream flow-
1ng around the hand (airfoil) is termgd the relative
wind. It is not air in motion. It is the motion of
the aircraft through the air that produces it. This
wind always appears to come from a point directly

in front of the path of flight of the aircraft. There-
fore, the direction of the relative wind is controlled
by the pilot, as he controls the attitude or position
of the aircraft. The atfitude of the aircraft is its
position in relation to the horizon. The pilot can
change the angle at which the leading edge of the

_airfoil attacks the wind. This angle between the

chord of the airfoil and .the direction of the relative
wind is termed the angle of attack. As the pilot

increases the angle of attack, the 1ift also in-

creases, as long'as the flow of air continues to

be streamlined. It is not necessarily important .
that the students understand attitude and angle of
incidence, but it is very important that they under-
stand that ‘the aircraft can fly with a nose high
attitude resulting in a large variance between
relative wind direction and aircraft attitude or a
very high angle of attack. Referring to the paragraph
on page 30, it may help to point out that a climbing
aircraft with a nose high attitude could have a 0° -
angle of attack, but the same attitude would result
in a very high angle of attack if descending. Of
course the relative wind would be different-for all
three examples. :

Remember that air is a fluid and that Bernoulli's
Principle applies in fluids; "As the velocity of a
fluid increases, its pressure decreases." Since

the airfoil acts as part of a Venturi tube, the
pressure above the airfoil is less than the-pressure
below the ,airfoil; and as a result, the airfoil is
lifted or raised. The camber of the upper part of
the airfoil causes the air passing over this part

to travel at a greater speed than the air flowing
past the much smaller camber of the lower part of
the airfoil., The greater speed of the upper afrstream
results in the lower pressure above the airfoil and
its resultant-1ift. This particular 1ift force is
due“to a difference in pressure and is termed a
pressure differential 1ift. This 1ift acts in a

direction opposite to gravity and perpendicular to
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L the direction of the relative wind. As this 1ift
) - is being developed by the movement of the aircraft
. ) . through the air, some of the airstream strikes
against the underside of the wing. This air is
deflected downward, and according to Newton's third
- - law'that to every force there is an equal and
; opposite reaction, the resistance or inertia of
this air exerts a 1ifting force. This impact 1ift
varies with speed and angle of attack. Normally
it is much less than pressure differential 1ift.
The twg types of 1ift combine to produce total 1ift.

e. The pilot must be able to control the two types of .
1ift acting on.the aircraft. As mentioned earlier, !
\ the bilot\contro]s‘angle‘of attack. As he changes
this angle, he changes the amount of 1ift of the
***V-9002, pp 55-58 aircraft. Mathematically aTl the 1ift forces can be
added tqgether and the sum of these forces is termed
**V-9118, pp 38-42 the resultant. This resultant has magnitude (size),
, direction and location. The point where ‘the re-
‘ . sultant intersects the chord ef the wing is termed
**V-9156, pp 20-22 -the center of pressure (C/P). As the angle of
attack increases, this center of pressure is moved
) forward and the 1ift increases until the burble
\ ‘ . point, is reached. The-burble point is the angle of
attack where the streamlined flow of air begins to
break down and become turbulent (burble). As the
., burbling increases, the amount of 1ift generated .
is no longer sufficient to keep the aircraft airborne.
This point is termed the stalling point, and the air- -
craft begins to descend. = - ‘ .

*

’

-

f. Other key factors that affect the 1ift generated by

an ajrcraft: . N

(1) The actual Tift is directly proportional to
T ) the density of the surrounding air. It is
**W.9018, p 43 ‘ proportional to the speed of the’aircraft as
. well as the area of the wing. The denser the +
air, the greater the 1ift, all other factors :
_ being equal.

o . (2) The aircraft outline viewed from directly above
% or below is called a planform.

(3) The planform of the wingia]]ows us to easure
. the aspect ratio. This {s ‘the span of the wing
v-9018, pp 41, divideg by the average chord of the wing (or
‘ 54, 56-57 the wing span squared divided by total wing

: area). Usually, the higher the aspect ratio,
‘ : the more effici‘ent the design of the wing.

Q I-23 .
- ERIC , . ‘ . 7
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***\.9002, pp 65-67

***y-9089, pp 50-51

***y-9118, pp 63-64,

*\~9167, pp 24-27

*+y.9002, pp 67-68
/ *™-9118, pp 65-66

4

(4)

74
(5)
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Flaps are devices for changing the camber of“
the wing. This can be done while in flight. -

Slots are moveable or fixed sections of the
leading edge of the airfoil, They also change
camber and are used to smooth the airflow at,
high angles of attack. -

»

a.

b.

(6) Spoilers are small surfaces either recessed
into the upper surface of the airfoil or
permgnently fixed in a certain position. When
raised, they "spoil" the airflow,and Tift jg
reduced. They may be rather large at the trajl-
ing edge and when raised serve as "air brakes|"

. SUGGESTIONS FOR TEACHING:

Suglested time: 3-4-5

In general, students should be intergsted in why and how an
aircraft can fly. One methpd to con$ider is the lecture dis-- .
cussion methnd whereby, students with)|some knowledge of aircraft
flight can be encouraged to 1ist knopn facts on the chalkboar .
One introductory question could be, |'why does an aircraft fly 4
Another, to lead into a study of the'airfoil, is "what is the
most critical part of the aircraft?" -
Students could be asked.to construct lapEr airplanes, then f1

them so that design differences can be analyzed. Model airplanes,
paper airplanes, box kites, regular kites*- all can be used by

the instructor and students to demonstrate the key concept of | -
what an airfoil is and what parts it contains.

Panels could be set up by the instructor using tthe above models,
to help illustrate the factors affecting 1ift.

Student oral reporf%icou]d be presented on such key items as: )
@) Usgé%f the wind tunnel ‘ . "\

(2) Shapes of airfoils ‘

(3) ImpOfFance of the angle of attack ,

{4) Burble point and stalling point L o

(5) F;aps, slots, and spoilers

Depending- upon the abi]%ty and needs of the students, you may .

want to construct some math problems concerning changes in sofe
of the 1ift variables. The solving of these problems would give

-

1-24 A
Ju -
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the students a practical working knowledge of these factors,
The physics instructor may be able to help you construct

these problems. Aspect ratio problems can be devised easily
by substituting different numbers in the formulas on page 38.

Refer to Figures 16 - 19' on page .34 of the text. Your sharper
students may guestion the statements concerning climbing with-
n the relative wind. These pictures were drawn
showing the flight conditions at the inistant the situation
happened. Obviously the relative wind would change to one.

" from a more upward position in Figures 17 and 18. The condition

in Figure 19, if allowed to persist would result in a rapid
descent.” You can test your students' knowledge of relative-
wind by asking them what would happen to relative wind in each ,

instanceé. .
? i -

.. While there are many excellent audjovisual materials available

ta support this chapter, you can supplement them by making
additional transparencies or models. Plans for a wind tunnel
which can be used on an overhead projector can be found-on
page 17 of William J. Reynold's:VCS, Visual Communications
Systems published by CAP and reprinted by FAA. If you are
unable to .get dry -ice, fasten-Iong threads tp the inlet end
of the wind tunnel. The. thredds will also demonstrate aip

flow visually on the overhead. -There may. be shop-students
tooking for 4ust such a project. v .

. The first 30 frames of the Theory of Aircraft F1ight-Workbook

-

(V-72014) will serve as an excellent ‘ifstructional -aid and

~as an introduction to Chapter IV.

Textbook «correction: "is" on page 29 should not be boldfaced.

Answers to. Chapter III quektions:

(1) airfoil (15 True
(2) False ~- (16) (d) all of the above |
(3) True Can e

- (4) leading edge, trailing (18) magnitude, direction, and

edge, chord, and camber location
(5) more - (19)  the point of intersection of
the'res%ltant and the wing |
(6) trailing edge - _ chord -
(7) chord . "’ (20) (d) a}{ of the above
(8) the characteristic (21) fonward\

curve of an airfoil's
upper or lower surface

A
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(9)': relative wind . {22) -1t '&'ecreases ‘ . a

(10)-. Fa]se - (29) sta]Hng poinb \
(1) td) attitude . (28) directly ‘

(12) the .force which acts (25) greater.
perpendicular to the . ' Co
relative wind in an . (26) greater

* * upward direction or . -

‘ ' the opposite of weight. (27), planfom

(13) impact . . (28) statement of the re1ation-- ‘w‘
<. . ship betweezq,the length ahd
(14) tatal 1ift . s Width'of a ‘
| SO (29) “False .
‘ ) » . . . . ) ‘ ¢, s
(30y a2 b3 o 1 o
. Student text assignment* read,pages. 25 - 44, .. .77
Coe NSTRUCTEONAL mos' T |
a : o L L s
a. Films: - . C T ! o
KO (1) USKF . Y
‘ 1F-1:0160 Aerodynanics - Air Flow, 18 min.; BAN, 1941, ¢
a _ 0 TF-1-0161 Aerodmamics + Forces Acting-on an ﬁirfoﬂ, S
26 min,, s 1941 ' r

TF-1-4804 How an AUﬂane Flies, 26 m‘m ‘BaM, 1953 (see : B
: note Tn Chapter 1 of this handbook). * . .

TF-1-5300 Beyond the Stick and Rudder, 14 min., B&W, « e
- 1959, F* L

TF-5521 Flying the $wept Wing, 24 min. s cowr 1963 *r
(2) ' L '
FA-703 How Afrp]anes Fly, 18 min., colov;, 1969

, (might be better saved until Chapte¥ IV
' .or used s a-transition)
’ :

b. Transparencies

V-1001 Airplane Components Y
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. V=1003 Wing Strgcfdfe ) ' ' . )
. ‘ V-T005A Litt S | |
V-1005B Airflow Across Wings deo ' -
A ) k3 ) ‘ B ‘. . ’ e

. V-1063 Parts of an Airfoil

.

V-1065 Forces of Eiight (Lift) "“'j . e
c. Slides S - LT

, ‘ V-0087 Afrcraft in Flight - slides 3 throdgh 7 and
- Cs 9 through 11 -~

Coa,

d. Film Strips

"Film strip No. 1, "Lift and. Thrust" From "the JAM'Handy film-
: - strip series Airtraft - ‘Their Power and Control. These can
p be purchased individually ($75.00 each) or as-a set, with
. cassettes (#JH5960FC;, $90.00) or records (#JHSQZ;ZQ, $84.00)

* from: Scott Education Division, 104 Westfield Road, Holyoke,
MA 01040. (They are highly recommended and shouid be pur-
chased through your -school library). -

o ., ) . ‘; .
‘ ’ e. Miscellaneous - . - ‘

L4

(1) - Demonstration Aids for Aviation Education, pp 11-13.

oo . *(2) Activity cards 1, 2, 3, and 6 which are furnished with
: . the JAM HANDY materials cited in 6.d. above.

(3) Battery Powered Cessna 150 ?1ying Model - available from:
«, . Cessna Aircraft Company, Air Age Education Department,
P. 0."Box 1521, Wichita, Kansas 67201.

L " (4) VFR Egam-o-éghms, 17,27, and 47. A free set of Exam-0-

, ' . Grams may be, obtained from: FAA Aeronautical Cegter,

. - Flight Standards Technical Division Operations Branch,
" P. 0. Box 25082, Oklahoma City, Oklahoma 73125.

7. " PROJECTS : o

a. See pages 41 -~ 42 of the text.

. b. Use the reverse cycle-on a vacuum clegner and a ping pong ball
™ . ~ to demonstrate 1ift., Once the ping pong ball is suspended, v
- "you should be able to put the air stream at an angle aqg\the
Jift will keep Ehe ball aloft at an angle. | ’

e
. ~ .
“ ’
. 4 *
. . -,

” ] L .
BRald ) 3 -

- K . .
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C." Demonstrate 1ift by placing; a spool on top.of a piece of paper
and inserting a pin up through the paper into the spool hole.
As you blow through the spool, 1ift will keep the paper on the
bottom. Challenge some of your strongest boys to blow ‘the
paper off. ‘ - .

8. FURTHER READING: §\
‘ \a. See page 42, of the text.
b. Vv-9198 °
<+ c. \Aircraft In Flight, CAP

d. Aviation Week and Space fechno]ogy

e. 'Flying magazine

_ f." The TUSC News published by Tecﬁho]ogy Use Studies Center,
R Southeastern State College, Durant, Oklahoma 74701 (all
a _ AFJROTC units are ‘on their mailing list). -

g. Your Aerospate Nor]d, 19743.CAP.
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CHAPTER IV - HEIGHT, THRUST, AND DRAG

8

This chapter explains the other three forces ac ing on an

- aircraft in straight, level, and unaccelerated flight,
"After the student understands all ‘the forces a ting on an

aircraft in straight, level, and unaccelerated flight, he
can then move on to” examine the three-dimensional aspect

of aircraft flight. .

-

OBJECTIVES:- S

< a.

b.

Traditional - Each student should:

(1) Know-how the "balance of forces" keeps an aircraft in
-the air. T e

(2) Know how Newton's Third Law accounts for thrust.

(3) Know the difference between induced drag and parasite
rag. ’ ) )

(4) " Know how designers reduce turbulent flow drag..
(5) Know the definition of supercritical wing.
(6) Know how the four forces relate “to helicopter flight.

Behavioral - Each student should be able to:

A

(1) Discuss how the "balance of forces" keeps an aircraft in.

the air. _
(2) Describe hbw Newton's Third Law accounts for thrust.

(3) 'Differentiate between induced drag and parasite drag.

(4) Outline how designers reduceé turbulent flow drag.

(5) Define supercritical wing.

' (6) Show how'the’four forces relate to helicopter flight.

SUGGESTED OUTLINE :

a.

Four forces maintain an aircraft in strafﬁht and level un-
accelerated flight.. These forces are 1ift, weight, thrust,
and drag. Lift was covered in detail fn thé last chapter.

Weight opposes, the force of 1ift

8
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| . » . .
(1) The total weight of the aircraft is caused by the pull
of gravity : ‘

(2) "The relationship of the center of gravity to weight and -
aircraft flight , .
Thrust, drives the aircraft forward

(1)" Reciprocating engines b X

Drag opposes the thrust of the afrcraft’

(1) IInduced drag ' v
(a) Affect; 1ifting §urfaces/, S .S
(b) Vortices .

(2) Parasite drag -
(a) Skin friction\drag and bdundary layer air
(b) Turbulent flow \drag

(c) Streamlining to overcome drag ; : .
e. Supercritical wing
. (1) &oundary'1ayer air again \V )
(2) ghock waves ’ .
£. Hé]icqpters - affected by the same four forces  *
(1) Hovering ‘ » .
(2) Forwardi %%de&ard, or reaf@ardxf]iaht all work the same

|
t

ORIENTATION:

T.

This chapter covers the other three forges acting upon an
aircraft in straight, level, and unaccelarated flight. The
Tast chapter dealt with the forces of 1ift. This chapter will
deal with weight,.thrust, and drag. The supercritical wing -
is introduced in this chapter because the problems encountered
are primarily redated to drag. The helicopter is covered last

because in this way it both govers an important area and serves

as an excellent review of thé forces of flight.

1-30 . .
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‘ b. Once the student has a clear understanding of these four forces
in ay“unchanging situation, he will be prepared to tarin his
- study of the aircraft in motion in a three-dimensidnal sea \
of air.

. 4. - SUGGESTED KEY POINTS.

- a. The ph]] of the earth®on-the aircraft is responsible
for the total weight of the aircraft. This pull of

**y-9002, p 39 gravity is a force which act$ in a direction
*V-9005, pp 18-19 opbposite to the vertical component of 1ift. The
> *V-9065, p 22 further the aircraft mass is from the ‘center of
**V-9118, p 44 .  the earth, the less the pulling force of the
**y.9156, p 27 earth on it. In other words, it weighs less.

The force of weight acts vertically downward from
the center of gravity (CG) of the airplane.

b. Thrust is ¢he force on an aircraft which gives it
forward motion. It is related to Newton's Third

*V-9005,

p 19 Law of Motion. "For every action there is an
© **%V.9065, p 46 equal and opposite reaction."
**V-9118, p 45
*V-9090, p 9 (1) Both jet and reciprocating engines operate
*%*Y.9162, p 7 as reaction engires,
‘ i ) (a) The reciprocating engine transmits the
‘ energy-from the burning fuel through
: \ ' a complex system to the propeller. The
turning of the_propeller pushes a mass
. of air to the rear, and the reaction
> to this push (Newton's Third Law of
\ : ‘ Motion) moves the ajrcraft forward.

(b) The jet engine transmits the energy from
the burning fuel directly out the exhaust
system. The reaction to this force is -
against the walls of the combustion’

X chamber, and it moves the aircraft forward.
) c. Drag is the force which ooposes the forward motion
**V=9002, pp 6?_%he airplane. The total drag of the aircraft
59-65 opposes its thrust. This tota} drag can be
*V-9005, p. 19 ° divided into two major types:
*V-9013, pp
. 46-57 ' (1) Induced drag is that part of the total air
**V-9065, pp 20-22 resistance caused by the lifting surfaces.
. *V-9118, pp 34-35, It is an unavoidable result of 1ift, caused ;
37-38 . by the change in direction of the airflow
***V-9187, pp AB-6-12 wresulting in the formation of trailing
**V-9156, pp 28-29 - vortices from the wings. One of the ways
. . **V.0162, pp 96497 the designer works to reduce this drag is
***V-9187, pp WT-1-9 by increasing the aspect ratio of the wing.
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. . The pilot can control the magnitude of this
/ _ ~ " drag by changxng his angle of attack. .
{
(2) Panasite drag is that part of the/total air ‘
[ ' resjistance caused by all the non-1ifting

- - sur aces of the aircraft. The movement ]
h ir over the skin surface of the fuselage|| '
' ' and other fixed obstructions results in a |
friction! loss termed skin friction drag. |
‘ Closely related to this skin friction drag
**-9156, pp 29-31 ‘is ‘the very thin layer of aliy moving next A
I to the surface of the airfoil. This, very ’
XY ~9162, p 10 thin layer of air becomes,more turbu%ent
as it passes from the leading edge of ‘the N
A o airfoil. to the trailing edge of the airfoil."
, [t is termed boundary layer air. - Also related
to this is %urbulent flow drag whigh is caused ‘
by anyth1nq interfering with the streamlined
\{\ flow of air about the aircraft. Aeronautical
' engineers normally use the.teardrop shape
as often as possible in their designs. By
doing this, air turbulence and the resultant
drag is reduced. .
d. As high speed aircrift flew in the transonic and
supersohic areas, the early separation of the
boundary layer led to Targe shock waves and a °
**Y.9118, pp . - loss of efficiency due to the reduced 1ift. The - ‘
45-47, 68 - supercritical wing is merely one of many attempts
to overcome this problem. At high speeds, the
**y-9156, pp unique shape causes the boundary layer separation
496-503 - point to move farther back on the wing and reduce
S the shock wave size. Strangely enough, at transonic
speeds, the boundary layer will adhere to the sur-
face longer if it is slightly mdre turbulent.
e. Helicopter flight is really simpler than aircraft
. - f11g¥t Jf thg students will accept the fact that :
*V-9002, pp 390-6 the thrust of the propellor(s) has both horizontal . -
***y.9013, pp 656- and vertical components. ’ ]
662, 668, 672-677 \ ‘ ' w
. ‘ (1) Hovering means ‘that both thrust and 1ift are .
**%y-9118, pp-94-104 parallel in a vertical plane and exactly equal
(4th ed. “to the sum of drag and weight. . .
***Y-9135, pp 7- 10 \ ‘ . \
16-17, 19-27 (2) Climbing or descending straight up and down
. ***V-9156, pp 166-172, merely means that 1ift plus thrust is greater
o 179-184 or less than drag plus weight respectively.

**\-9168, Plane 10 - \ '

.  (3) Flight in any direction, forward, sideward,
or rearward, is identical insofar as the ’
four forces of flight apply. The resultant
of 1ift and thrust, accomplished by tilting

[-32
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' ' the rotor, must be greater than the resultant
' " of drag and weight. For example, if the
horizontal component of 1ift exceeds drag “\_
and the vertical component of 1ift equals
weight, the helicopter will travel in, the

) ‘ ~ horizontal direction of thrust at a constant
@ .~ altitude. ]

~

. SUBGESTIONS FOR TEACHING:

Sugéested\time: 2-3-4

p B
Introduce™a study o ’weigh by asking iuch questions as, "How
did Newton explain the app]e falling to the ground?" ‘"How
high up must we go to experhience.weightlessness?" The students
can bring in discussion points learned from their science
classes. Simple demonstrations can be performed by students

or the instructor to develop the key points into student dis-
cussiong. One such demonstration is to release a balloon in
class to illustrate thrust. b 4

As students begin to understand the four forces interacting

~on an aircraft-in straight and level flight, problems can be

presented to students for solutions. Students can be asked
to predict what happens to the four forces in flight when
the angle of attack is changed. ;

4

Oral reports by students can be éssigned on such key items as:
- " - N

(1) Newton's Third Law of Motion

(2) Reaction engines

(3) Induced drag and the Espect ;atio \

(4) Skin friction drag and boundary layer air
(5) Turbulent flow drag and streamlining

The supercritical wing will probably be too advanced for most
of your students in which case you will want to either skip

it or mentien {t as a new airfoil design. Several ‘new designs-
are presently being studied such as the anti-symmetrical wing,
the oblique wing, the "free wing" and the "flying wing." (See
references bélow). A Piper PA 34 Seneca modified with a
supercritical wing has already flown. Fuel ecdnomy improved

up to 10% (TUSC News, December 1974). A1l of these areas are

-excellent possibilities for student research and reports:

Your students can also be assigned research reports depending
on their ability. Your better students could find out what

. ?

1-33 24
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3 -

the Reyno] Number is (see V-9118) and how it applies to drag.
Others could report on laminar f]ow ,

g. The last subject in Chapter IV on he11copters serves both as
- an excellent means of testing your students' grasp of the

\ four forces of flight and as an introduction to vectors and
N resultants, which will be necessary‘for an understanding of
the material in Chapter V.’ A good review would be to draw i
. a direction of flight for a helicopter and have your students
) S\ ‘draw the’appropriate vector. for weight, drag, thrust, and

1ift that would be required for that direction of flight.

h.. It is possible that your students will be fntrigued with '
‘helicopter flight. Be prepared to answer.such questions as »
"How does the pilot change directions?" and "What happens
when the engine quits?" for this last question, the simple
_ autogyro mentioned on page 55 of the text will be he]pful
o , (see p]ans be1ow)

" Answers to Chapter IV Questions:

/ .
(1) Gravity (9) By decreasing the angle of
K - * attack .
. (2) (b) center of gravity .
z . (1Q) AN drag components except
- (3) force which drives induced drag
. the aircraft forward N ’ .
o~ (11) Skin friction drag and
- (4) - Reciprocdting and turbulent flow drag
- jet enf§ines . )
(12) Boundary layer air
i (5) The force which tends L ' ¢
to. retard an aircraft's (13) More :
. .. progress through the .
T ‘afr or tRforce which (14) Keeo the aircraft clean and
. opposes thrust well polished; rémoving surface .
) irrequ1ar1ties
. {8) The change in direction c
o of the airflow . (15) Streamlining
PR ‘. A" - :
: \(7) Retard; absorbing -(16) The teardrops *
oS . (8) By reducing the area (17) “Supercritical wing
R4 . o of the wing affected g .
_;,JK .o -~ by-wing tip vortices (18) Impact ), '
(19) True
(20) By changing the tiIt of the -
. " I roton\ .
7‘ " j. 'Student text assignment: read pages 45%56.

""', - ) “ 1;34 ‘\ h ¢
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- ' " 6. INSTRUCTIONAL AIDS: _
:ﬁ;' & a. Fﬂms Sy i . <
(1) USAF S ' "
TF-1-4804 How an Airplane Flies, 26 min., B&, 1953, *
TF-1-4865_How an Airp]ane Flies, 34 min., B&NW, 1953

BV . (probably more appropriate for Chapter V).
. - TF-1-5300 Beyond the Stick and Rudder, 14 min., B&W,
. 1959, *** ~
"' 7F-1-5340 High Speed Flight - Approaching the Speed of .

Sound, 27 min., color, 1959 kk

TF-1-5341 High Speed Flight'- Tranfonic Flight, 20 min.,
color, 1959, ***

TF-5521 Flyipg the Swept Wing, 24 min., color, 1963, **.

" TF-5550 High Speed F1ight -.Beyond the Speed of Sound,
’ 20 min., color, 1962. *

‘ "TF-6018 Helicopter Performance Data - Temperawure Makes
‘ the Difference, 26 min., color, 1967. * '

5 @ om .

FA-10- 70’Cau%ion Wake Turbulence, 16 min., co]or, 1970, ***
FA-703 How Airplanes Fly, 18 min. , éllor, 1969 Fkek

. (3) Shell Film Library (borrower pays return postage -

. 450’ North Meridian Street book at least 4 weeks in
Indianapolis, Indiana 46204 advance)
Approaching the Spee& of Sound, 27 1/2 min., color, 1958, *** °
Beyord the: Speed of Sound, 19 min., color, X***

Transonic Flight, 20 min., color, 1959, ‘***

b. Transparency : . \
V-1008A Forces Acting on an Aircraft in Flight | a
. c. Slides . , l
‘ ‘ .+ V-0087 Afrerafit in Flight - slides 8, 9, 11-13, 21-25
| \ C-
Q ~ ’ 1-35 5
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Film Strips

Fi]mstrib 1, "Lift and Thrust" and Filmstrip 3,'"How Helicopters
Fly" from the JAM HANDY series “Aircraft; Their Power and
Control" (see Chapter III this handbook).

. Miscellaneous:

~

(1) Autogyro. To construct it you need a rectangular sheet
of paper (5" X 8" works well) and a paper clip. Cut
(or tear) on the solid lines and fold on the dotted
Tines as shown betow.

™

When you 1ift it up and let it go it should autorotaie.

7.

(2) Either the chalkboard or the overhead projector may be
used effectively to explain the forces of flight. How-
ever, if you want something more permanent or professional,’
a flannelboard or a magnetic board are both very effective.

(3) Use thf/f§rces of flight model described in Chapter I.

RROJECTS : ‘ )

a’

b.

See page 55 of the text.

Have your students conduct experiments that help exp]]in weight,
thrust, and drag. They should demonstrate them or report the
results.to the class. - .
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- €. Have your students find examples of how stréamlining is used :
in everyday life, e.g.,'autos, boats, motorcycles, etc., and

discuss the effect on operating efficiency.

d., VSTOﬁ aircraft are not discussed in this text. Ask your
students to' report on the latest VSTOL developments and
explain how the forces of flight apply.

FURTHER READING:

a. See page 55, 0f the text. !

|
b. Aircraft in Flight, CAP..

c. Aeronautics, Space in the Seventies, NASA, 1971 (ep-85).

d. Aerospace magazine, ‘published monthly by Aerospace Industries’
ssocia 1on}?September 1973, pp 8-13; September 1974, pp 11-16).

Airman's Information Manual, Part I, FAA (S#etion on Wake
Turbulence}). ~

4 ,Aviation Week and Space Technology (e.q., March 22, 1971, p 48;
Rugust 20, 1973, p 56; and November 25, 1974, pp 43-45).

opuldr Mechanics magéziné'@March 1973).

" h. .Science Didest magazine (Februarx'1974)u
i. The TUSC News.

j. V-9110 ‘(Helicopters and Autogyros). -

k. “Your Aerospace World, 1974, CAP. * _

Rl
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TION AND CONTROE}
o I

This chapter examines the aincraft in motion. Stabitity,

climbing flight, and turnin
framework for discussing the i

ight form a convenient
chanics of aircraft in motion.

JECTIVES:
a. Traditional - Each student shdu]ﬁ: . R )
. C
(1) Know the three axes of rotation used to describe the R
movement of ajrcraft.
. (2) Know the resulting motion about these aiés when an
. ajrcraft rotates in various planes.
(3) Know' the effdcts of lack of stability on the axes of
. rotation of the aircraft. .
(4) Know the concept of -aircraft control and know at least.
three control surfaces. . ‘ '
(5) Know which control surfaces affect which aircraft motions.
(6) Understand rate of climb and angle of climb.
" b. Behavioral - Each student shdald‘be able to:
(1) List the three axes of rotation. ‘
(2) Describe the resulting motion about these'akeé when an
aircraft rotates in various planes.’ -
(3) Discuss the effects of a lack of stability for each of
the axes of an aircraft. .
(4) Outline the concept of ircraft contrel and 1ist at Te
three control surfaces]B \Esﬁf\‘\\_
(5) State which nfro] surfaces affect which aircraft motions.
(6) Explain rate of climb and Wmyle of climb.

2. SUGGESTED OUTLINE:

a. Aircraft fly in three dimensions : 4

b. Axes of rotation - types of aircraft motion

(1)

Longitudinal axis - roll

.33 A
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v f "(2) Lateral.axis - pitch . . S .
(3Y Ve'rtica'l axis - yaw ,

-, T ..c. Aircraft stability - cer]tral ccmcept‘behind aircraft design,

’ ’ operation, ahd control ‘ te Lo

f(T-) Static .stabﬂity L 1 ‘ o T,

. (2) ﬂeut’;ral stébﬂ"ity A B

e (G)" Positive stabﬂity - ‘

B (4) Negative. stability
(5) Dynamc stability R N .

d. Longitudinal axis stability - factors involved ) ) ,:_

(1) Intentionally noseheavy balance - location of Center of
Pressure compared to Center of Gravity

(2) Effect of wind movement over the airfoils *

(a) Downwdsh ) . N

. (b). §Hpstréam

4

e. Lateral ‘axis‘\stab.iﬁ‘t"y - factors invo]ved . /

(1) Dihedral - . \§%\
(2) Kee'l- effect ‘

(3) Sweepback

f. Directidng] St;bi1itj '
g. Aircraft control - how maintained

(1) Controls - actual devices regu]a’ting'épeed,'directioﬁ,
a?t1tude and power * - .

(2) Contro] surfaces
- (a) Aﬂerons - roll - ; ' x
(b): Ruddefs. - yaw
(c) Flevators - pitch : ..

(d) Trim tabs - fine tuning

o " ‘1.39 &'2
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‘ (3) Climbing flight A
(a) Reserve horsepuweﬁ.
(b) Power‘1oad1ng : ' “ 1 | 3
(c) Climsing angle and rate of climb
(d) sgrvice.@éiﬁigg and absolute ceiling
(4) Aircraft turhs - factors'in;o1ved |
(a) Effective 1ift
) “(b) Centrifugal fbrée
. ‘(c) Angle of baﬁk

(d) Skid o .
() Slip -
1 (f) Effects of control #rfaces in turns - |
' . o, Afrcraft riotion and control - effects of throttle and control g_s

surfaces ) : i .

3. ORIENTATION:
« t , - . L \ ’-
| a. The s%udy of aircraft motion and control is based:upon the -
- &~\\\ - backgrountd deveToped .in Chapters III and IV. Aircraft are
_ able to sustain flight #hen there is a balance among the™ -
. forces of 1ift, weight, thrust, and drag. When one of the
forces is too far out of balance, some control adjustment
st be made or it will be impossible to maintain safe flight
?gr very long. ‘ \

b.  This chapter looks at the aircraft once it is in flight. It
deals with 3he axes of ‘rotation and the movement the aircraft
makes around these axes. It explpins the concept of stability

\ - in flight. The chapter includes pircraft controls and the po1e/
‘ they play in movement of the pla ’

L

4. SUGGESTED KEY POINTS:

\ { a. There are three types of motion other than -
' *V-9002, pp 83-84 straight and level flight. .Aircraft can move
N Vaky_9187, pp und* three’ axes of rotation:' longitudinal
* AB-13-14- (ro¥W); lateral (pitch); and vertical (yaw).
® _ ‘ 140

o ' /
AN B
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»

b. Stability, an extremely important concept in
) P aircraft design, is divided into two types:
***y.9002, pp 80-92 static - the aircraft's tendency to return to
Hxy=g005, pp 20-21 its original §%s1tion and dynamic - the tendency
62- to return to its original position with a minimum
**y.9013, pp 62-65 of rgstoratii; déscillations. .
*xxY_9156, pp 109113 i ' .
**\.9167, pp 65-70 (1) Longitudinal stability infers that an aircraft
. will not pitch unless some external -force
. rdises or lowers the nose of the aircraft.
, It is necessary to.have a slightly nosehedvy
: balance in order to have good longitudinal
</ stability. Therefore, aircraft are con-
structed so that the Center of Gravity will
be ahead of the Center of Pressure. This
tendency to be nose heavy is dvercome by
downwash, a downward movement of wind on .
the tail of the aircraft. T

(2) Lateral stability infers that the wing tips T
. *¥*Y.9156, pp 113-116 of an aircraft will hold their positions '
‘ {the aircraft will not roll) unless acted
. : upon by some external forces. Factors .
) ¢ involved which maintain this stability are .
dihedral, keel effect, and sweepback. ‘

) (3) Directional stability is the tendency not
. s to yaw. It is determined by aircraft- con-
* ***\_9156, pp 116-120 struction. The chief factor contributing
* to directional stability is the vertical
fin and side area of fuselage behind the
Center of Gravity.

/ ¢; Controls refer to devices by which the pilot

P
**Y.9002, pp requlates his aircraft. ,These include ailerons,
92-97 rudders, and elevators, all of which are moveable \

**%\_9005, pp 21424, airfoils. Using these the pilot can change the .
67 ‘A .attitude of the aircraft. Additionally, secondary ;
**y.9118, pp 70-74 control surfaces called ‘trim tabs may be attached

*»*%\.9122, pp to these. Certain 1ift devices such as-flaps,
308-318 slots, and spoilers were discussed previously
***Y.9161, pp in the chapter on 1ift. These are sometimes ton-
***6-3;57 / sidered when discussing controls.
-9187, pp -
. 14-17 , 2@ (1) Climbing flight is dependent upon reserve
~ ***Y.9002, pp ¥0-72 horsepower in the aircraft engine. Factors

involved include rate of climb and angle of
| climb. Service ceiling, the altitude at
j which the maximum rate of climb is 100 feet
/ per minute, and absolute ceiling, the altitude )
at which the aircraft ceases to climb, are ‘
/ both important factors involved in climbing.

“ 141 /15)
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: (2) Forces in turniné involve the principle of
- ***V.9002, pp 46, 70-72 centrifugal force. Turning factors such as

***\-9005, pp .71-73 angle of bank, skids, and‘s1ips ¢an be more
**y-9090, p 33 easily understood when you visualize 1ift
***V-9161, pp. 1-30-39 in vertital and horizontal components.

d. Aircraft motion is controlled by the throttle and
**y.9002, p 92 the control surfaces. Through use of these controls,
**V-9047, pp 79-82 the pilot changes the balance between the four )
*kk\ 0156, forces: thrust, 1ift, drag and weight.
120-123 : ' '

h=)
=]

(1) Throttle is the up and down control
(2) Elevators control speed
(3) Ailerons and e]gvétors’turn the aircr;ft
(4) Rudder corrects for adverse yaw.
5. SUGGESTIONS FOR TEACHING: .
a. Suggested time: 4-5-5 _
‘b, Student. text assignment: read pages 52 - 83. -

c. The best suggested teaching method for this chapter would be
- a combination lecture, demonstration, and quided discussion.
The theory of aircraft motion and control can best be demon-
strated by use of a model airplane with moveable controls.
The axes of rotation can be.shown by inserting soda straws or
some other device through -the Jdongitudinal, vertical and
lateral axes!of another simpler model with holes drilled
| through it. Discussion and demonstration of roll, pitch, and
| yaw could be developed along-these lines. The instructer -
| .. should use a hand-held modé1, moved in changing directions’ . .
| in his lecture on aircraft, stability. Various movements:-and-.- .. .
| . changes of direction could very well demonstrate these points.
Perhaps you could have some shop students make several small
simple models so that students would have a better chance to
handle the model. ‘ , T

d. Some of the key points in this chapter are very difficult fof

students to grasp. You may have to use several different ex-

/ . p]anations'in order to clear up confusion. Some possibilities
are: , )

(1) Lgngitudinal axis stability is hard to visualize. Be
"o ure to point out that the horizontal stabilizer is
. fastened on slanting down. toward the front so that its'
angle of attack is negative.. Naturally, they should
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UE ~ come to understand that this whole setup is designed to
achieve both static and dynamic stability.
¢ : (2) Stability may be compared to the balance of forces, i.e.,
a balance of the four forces of flight would be a static
stable condition. Applying thrust would create an unstable
condition, but drag and possibly a loss of 1ift would tend
to bring the aircraft back to equilibrium - static stability.

(3) Some students will undoubtedly become confused when dis-
cussing movement about an axis, e.g., pitch about the
lateral axis, only to find out that a resistance to pitch
Ts stability along the longitudinal axis. Without a model,
it will be impossible to make it-completely clear for all
students, however, you might equate their automobile to
directional stability and yaw. [If the front wheels are A
out of alignment, the steering may have negative stability
along the longitudinal axis and about the vertical axis: -
directional instability. Stability refers to motion
- about one axis while moving the entire length of another
axis. Longitudinal stability - if the nose gqes down,
the longitudinal axis is moved around the lateral axis; °
Lateral stability - if a wing comes up the lateral axis
<y 0 77 7 is moved around the Tongitudinal axis; directional
stability - sideways movement of the nose along the
longitudinal axis (the direction you're headéq?.about
. the vertical axis. . ) ’

1]

(4) Forces in turns, slips,’amhskids can be confusing. The - .
most effective system I've seen is to divide 1ift into -
vertical -and horizontal components with <entrifugal force
and weight counteracting them. Any vegtor or resultant
out of balance with its' opposite coyfterpart will lead
to a climb, descent, skid, or slip. 'A good quick way
to test your students' comprehension is “to havé them
complete®the missing vector/resultants in Figure 43,
assuming it's a coordinated turn.

(58) Some of you fighter typéé will surély take issue with" the
. Statement that the throttle controls altitude the
elevators airspeed. Before you enlighten your stMents
with "the way it really is," remember that's the way )
it's taught in FAA flight training and that's the way it
will be taught to them when they start to fly. .

e. Some of youf students may have gaso]iné~powered flying models. *
Have them put on a demonstration explaining the contrpls. ‘
. Maybe they will let other students fly them. . '

f. Regarding question 6, page 81 of the text. The B-58 is a good
© example. Because the line of thrust on an outboard engine was

Q T 1-43 . . £y
EMC * ‘ o . (4 oam
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so far from the CG, if one suddenly failed at supersonic speeds,
it would be possible to literally tear the aircraft apart due

to the yaw. This can be stopped by installing a system whereby.
an outboard engine failure means an immediate automatic shutdown

of the other outboard.

Frames 31 through 68 plus the review questions in. the Theory
of Flight Workbook (V-7021W) serve-as an excellent aid for

this chapter.

. Modify thE’pEEE?’Birp1anes‘youf students built earlier and put
control surfaces on them. Have a contest.

Answers_to Chapter V Questions:

that the forces are in
baTence

d 2 b. 1 ¢ 3
a. ' ] :‘.-b.? 3 C.

False

Stability

a. 3 b. 1 ¢ 2
The tendency to return to
an original position with
a‘minimum of oscillation
'cn Tongi tudinal

Behind

The s1ight downward move-
ment given to relative

wind passing over an air-
foil

Slipstrean

Lateral

d. all of the above
False

More ,

1-44 .
02

.

]

.

(16)
(17)

(18)
(19)
(20)
(21)

(22)
(23)
(24)
(25)
(26)
(27)
(28)
(29)

(30)
(31)
(32)

a. 3

More
A

False
b. left
The ﬁrise aileron

Moveable control surface
attached to the vertical fin

False

False

b. 220 .
Sta]]ing; maximum
Time ‘ '
Service

d.” weight

The angle between the aircraft
wings and the horizontal

a. 1 b, 2 c. 3

t§ correct for adverse yaw

"get that stick forward!"

‘.
?

~
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6. INSTRUCTIONAL AIDS:

d. Films: .
USAF _
S‘LP 1151 Crossover, 15 min., color, 1963. *** | c
TF-1-0700 Airplane’ Structures - Contro] Surfaces, 7 min., =
B&W, 1943, *
. _ TF-1-4805 How an Airplane F{ies; 34 min., B&W, 1953. *
TF 1-5300 Beyond the Stick and Rudder, 14 min,, B&W,
_. | . 1959 ' v
- TF 6129 ?gg;roT*Is ,a Greek Naméd Alpha, 20 m1n s color,

b

TF 6155 F-4 Flight t_:hara'cter'ist;ids, 18 min. color, 1968,
(2) P ; o

FA=07-03 FTy‘Nig Boats, 19 min., color. *+  «
(3) NASA |

HQ. 205 Space fﬁ the Seventiés, 28 mfﬁ., color, 1971, #&k

b. Transparencies
V-10088 Air;;la:\e Roll, Pitch, and Yaw Axes
V-1009 Operation of Eievators
V-1021 Take-off Conditions (not issued since 1971f

'V-1055 Renwayd?nd Approach Lighting System (better for
-720 .

V-1064 tontro1 6? Airp]aneﬁin Flight
V-1066 Attitude and Attitude Control ."
V-1067 Control Devices a

c. S]ide;/ ) ‘ .
- -0087 slides 14 through 20 .,// 4

I-45
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' * d. Miscellaneous . .

(1) "Controlling an Airplane” - JAM HANDY filmstrip No. 2.

(2) Demonstration Aids for Aviation Educatioﬁ, CAP, pp 14-16.

. (3) Vvcs, Visual Communications. Systems by William Reynolds -
The plans for a moveable control model airplane are on °
. page 17. . .

-

(4) Small airplane demonstration models with moveable controls. ¥
- These can be made in your® shop or purchased quite.inex-
pensively through commercial sources in either paper or

plastic versions.

(8} "UsFly-It" Aircraft Model.- Model Piper aircraft on a
glide line with a control stick for landings. Available
through Schaper Manufacturing Company, P..0. Box 1426,

‘Minneapolis, Minpesota 55427,

(6) Flight Simulators. YoUF\Schoo1 Board may be willing tg C e
purchase one for your school. Several excellent models
are available for sale or lease through commercial sources.
Prices range from approximately $1,000 Upward. Advise w2
AFROTC/JRC if you are unable to locate information about

<
) . simulators.

7. PROJECTS:

R 4

a. See page .81 in the text.

-

/

b. Have your students research and repoft on elevons, V-tails etc.,
and how they are used in aircraft control.

8. FURTHER READING:

a. Aircraft in Flight, CAP. "

b. Current copies of AQiation Neeg and Space Technology.
C. VFR Exam-0-Gram No. 28 "Factors Affecting Stall Speed."
d. The TUSC News. | '

-

- E
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CHAPTER VI - AIRCRAFT STRUGTURE i

s

This chapter examines the a1rcraft\dtse1f.\ The major structural
elements of the.aircraft provide a good framework for discussions
of stress, constriction, and operation of selected aircraft com-
ponefits. ’

OBJECTIZES: | _

b4 . :

a. (Traditional - Each student should: |
/ ‘ / ,
/(1) Know fhe major components oﬁ an aircraft. ’

aircraft components. |

(3) Bé familiar with at least three types of elementary design . . ]
-structures and how_they-are used to give aircraf{ com- e b /
ponents strength without adding excessive weight,

(2) Know at least three types of stress~and their efflcts on ﬁ ) /
!
|

(4). Know various types a:E\fHe\Qrinéipa1_phrts of fuselages, | i
wings, and empennage.

(5) Know the primary applications of hydraulic and electrical o
systems in aircraft.

) {
(6). Know how todays aircraft landing gear works. . ‘

b. Behavioral - ang student should be able to:

. .
' (1) Describe thé major components of an aircraft.

(2) List at 1gpsi.three types of stress and discuss their
effects on aircraft components. '

(3) Recall at least three types of elementary design structufés

and tell how thdy give an aircraft strength without adding
excessive weight.

(4) Discuss various types of fuselages, wings, and empennage
/ and describe the principal parts of ‘each.
(5) State the primary applications of hydraulic and electrical
systems in aircraft.

(6) Descrjbe how today's aircraft landing qea} works. -
SUGGESTED OUTLINE: R |

a. The power plant- (engine and propellers) l




(1) Housed in engine gowling and nace]]ey

(2) Engihe tdrns progeller i

RUARY 1975

/

!

Fuselage ’ M

‘1) Maiq‘part Bf.airgrdft 31/

(2) ngs%s crew, instruments, and pay]gad (cargo, passengers,
etc.

(3) Two'ﬁﬁ?L types of fuselage cqnstrqztion
(a) Welded steel truss (stee Gbihq)
(b) s mimonocoqge (internal braced metal skin)

(8) Five stresses cting on an ai cnaft\in ffight (stress is’

an internal farce which resists apr]ied outside force) . |

(a)

_(b)

(d)

(e)

(1ike stpetching a rubber bagd - or the pull on the

control cables of an aircraft as you move the stick)
¢ : :

Compression: Opposite of tension - resists a force

trying to push tpgether (1ike squeezing a football

from both ends -! landing gear struts undergo com-

pression) : :

Tension:| Stress which resiégs attempt to pull apart

. Bending: Combination of tension and combression -

wing span (interior structure) undergoes bending
during flight - lower side of spar is subject to
tension while upper-side is subjected to compression

Shear: Type of stress exerted when two items, such
as metal bolted or riveted together, are pulled®
apart or pushed together by sliding one over the
other. Bolts and rivets are designed to resist
shear

Torsfon: Stress which resists being twisted dpart
(torsional force is produced when you turn the steer-
ing wheel of an automobile - or when the aircraft
engine exerts a torsional force on the propeller
shaft directly affecting the flight of the plane)

General effect of stresses: Ty

(a)

’ v N
A1l parts of aircraft are subjected to one or more
stresses :

I-48

Gy

[

!

j.




A } Y |
. FEBRUARY 1975

\ ¢ N
\ (b) Usually act in combinations of two or more

(¢) Sometimgé alternate: tension followed by compression,
etc. / L

(d) Some pq&ts carry only one type of stress; e.g., wires
and. cables can carry only tension

(6) Trussed fu elages, (used mostly in light civilian aircraft,
liaison, opservation, and training planes) f .

(a) Welddd tubular steel structure

(b) Covered with fabric over fairing (streaml{ined)

(c) Acts 1ike the structure of a bridge ! N
(7) Semimonocoque (used in most military aircraf \\

(a) Skin (usually sheets Of aluminim alloy)/and internal
. bracing carry the stress \

gb
(¢

Easy to build in streamlined foﬁq/ ) -

Stlength comes from metal skin reinforced by internal
‘rings and stringers . _

—

. (8) Load fapfor; ad placed on aircraft under various con- 1‘ ~
ditionsg of fYight: '

(a) Teeal: Aircraft 4s flying straight and -level and
load is evenly balanced :b

(b) Strain: climbing, diving,.banking, tyrbulent weather
ek .

(c) Ultimate Toad: point of structural :éi1ure; usually
11/2 times the greatest load the aircraft structure
"will be subjected to in normal flight

(d) Maximum applied load - greatest load expected in
flight '

(e) Saféty factor - ratio between maximum applied and
ultimate loads .
f
(f) 1Idea is to keep stress on any part from reaching
ultimate load, while keeping the aircraft as light
as possible .

——t ] | sy
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c. Wings

(1) " Basic construction materials used are wood (covered
with fabric) and metal

(25 Wooden wings
) (a) Two Tong spars '
(b) Curved ribs S -
(c) Spars and ribs are covered Qith:paintéd fabricl
(3) Metal wings

(a) Construction similar.to wooden wings, except-ribs
and covering are made of light metal }

(bf/ #tronger, but heavier and more expensive thanfwood

(4) Attaghment of wings to fuselage

(a) [ Full cantilever wing - very strong, can be gttached -
directly to fuselage without external bracifig, used -
mostly by military aircraft and commercial fairliners

0

Semicantilever winq\- internal structure o wing
lighter, streamlined wires or tie rods corfnect wing
, to fuselage

(c) -Externally-braced wing - lightest of wing structures,
s © struts or spars extend from wing to fuselage, used
mainly by slow-flying aircrafy, sporting, etc.

d. Empennage (Tail section)
(1) Vital for stability

(2) Caomponents ' ‘ : , ?

2

(a) Horizantal stabilizer - fixed front sect on, provides
- longitudinal stabjlity ° 4

(2

(b) Elevator - hinged rear section, control angle of
attack, "hence controls speed

' (c) \ertical stabilizer (fin) - fixed front s tion,
helps maintain desired direction of flight ™

(d) Rudder - hinged-rear section, offsets adverse ydw

, - *1-50 ‘ ' h
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e. Hydraulic sysfem

(1) Pascal's Law - pressure Exérted anywﬁere on a confined
fluid is transmitted undiminished to every portion of "-*

the vessel containing the flujd '

(2) ’Mechanica1'aavantage >

(3) Operates brakes, lowers landing gear, extends and lowers .
' flaps, controls propeller pitch .

f;i Electrical system
' (})“.Operétes radios, navigation equipment, lights, etc.
(2) Generator charges storage batteries

(3) Magnetos provide curfent which ignites fuel mixture,
: keeping jet or propeller aircraft engines working

(4) ‘Electric motors help pilot start engines, operate many
- mechanical devices, and perform numerous tasks where
power is needed
g{ Eandihg gear ‘ /
‘1) Majn Fupctions
(a) Assist take-pff ‘ ;
rr’(B) Rbsorb shock of landing - )
(2) Fixed or retractable - retracting reﬁbces draé
(3) Shock absorbers = oleo sﬁrut
(4) Brakes j " | .
(a) Operate independeﬁt]y for right and left main gea}
- (b) Antiskid prevents’1ock1ng
(5) Types of landing gear /"
© o (a) Coﬁvéhtiona1
(b} Tricycle
/ (c) Bicycle

8. ORIENTATION:

~

¢

‘2. An airplane structure is a combination Jof related parts, frame- .
' \\\ works, and assemblies, all grouped int a heavier-than-air ‘

‘:\EMCr o bU
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flying machine. To fly, it must have an aerodynamic shape.
‘ This shape must be made of parts having a high strength -to-
weight ratio and having balance for flight. To.be safe,
the aircraft structure must withstand more force than just . . e
that imposed by its own weight. 1In general, airplanes are . ’
designed to withstand one_and one- -half fimes the fuT1 or “
maximum expected force. o -

-

1y * r
N b. This i3 the practjca] portion where the theory, principles,
forces, and controls actually take shape. The student should
recognize this relationship .and realize that aircraft design
and structure is the functional application of the areas
studied earlier. ,

4. SUGGESTED KEY POINYS: Q -
2. Man did not fly sooner becguse he Mlid not have
*V-9005, pp 30-31 _an adequate engine. After one wa$ devised, it
**V-9013, pp . more than kept pace withsthe changes in the
108-109 . airplane structure, Our main concern at this
T **V-9118, pp point is that the engine is necessary and capable
168-169 ~ of producing sufficient thrust to sustain flight.
**V-9156, pp 31-37 However, the size, weight, and 'shape of the
*V-9156, p 49 ° engine are important~because they influence air-

craft design and construction.

b. The cowlings and nacelles which cover the engine
**V-9118, pp 167, not only protect the engine, they also reduce
,170-171 drag by streamlining the aircraft.
***y-9162, pp 1-9-10
c. Many students have looked out the window of an
airplane in flight and noticed that the wings
*V-9013, pp 84-86 flexed. Airplanes are flexible, that is, a
***\-9065, p 28 certain amount Ef movement in the airplane is
/ expected and desirable. . Because the craft is
constanﬂﬂy be1ng subgected to air currents and
bumps of .¥arying intensity and direction, some
flexibility is nécessary in order to prevent
structural failure.

/ d. .The five stresses which all aircraft undergd con-
**V-9013, pp 87-88 stantly while in flight are tension, compression,
***\-9065, pp 24-27 bending, shear, and torsion. To a 1esser degree,
**y-9118, p 8 the students' automobiles, bikes, and skate
**V-9156, pp 54-57 boards undergo. the same stresses.

e. 'The fuselage does much more than serve as a
**V-9013, pp 95-99 compartment to carry things.® It must be strong

***xY-9118, pp enough to support all the other aireraft components ’
142-146 and withstand exceedingly Jarge.stresses. There-
| ) o ’ fore, a knowledge of trusses and stressed skin
. ) des1gns is very important to the aircraft builder. . .

o S 52 .61 :
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L B '
f. The primary 1ifting airfoil of an airplane is

*Y-90 6-25 the wing. Wings are attached to .an airplane in
V-9013, pp 88-95 a-variety of locations and ways --full cantilever,
*¥-9118, pp semicantilever and externally braced.
47-153 te

**\-9156, pp 40-46

g. . Empennage, or tail assembly, of an airplane is
composed of several parts, each of which has a

**V-9013,'pp ' " definite control function. Structurally these
105-108 parts resemble'wings, but are much.less complex..

.The student should understand ti¢ following basic
cdntrol functions.

[

(1) Horizontaf stabilizer - helps to provide
lTongitudinal stability

(2) Elevator - controls angle of attack or pitch

?

(3) Vertical fin helps maintain direction of
o flight

4 (8) Rudder - compensates,¥oriyaw in turning

! .
h. Hydraulics are only one of many systems which use
" a mechanical advantage to help the pilot operate

***V-9118, pp 9-10, .and control the aircraft. Quite obviously, a
14-16, 18-20, C-5 pilot could not manually raise and lower the
182-188 flaps and the 28 wheels on the landing gear. On

]

today's aircraft, electrical motors are replacing
hydraulics' for many functions. The electrical
motors use the same principles of mechanical
advantage. -

.- In"addition to the basic conventional, -tricycle, and

4*V-9005, pp 29-3i bicycle landing gear, some aircraft use pontoons

k]

f**¥69013, pp 99- or the fuselage to land on water while others land
5 bl

on snow and ice using skis. All systems must

*V-9118, pp cushion the landing shock and still reduce friction
155-156 sufficiently for takeoffs-so the aircraft can be-

- = *Y_9156, pp 50-53 come airborne.

L g

5. SUGGESTIONS FOR TEACHING:

a‘

b.

-
Suggested time: 2-3-3

Because 125this unit we are examining the aircraft itself, we
need to sé the relationships of its.structures and how they .
fit together. Keep in mind the major principTes \already stated,
and try to.get the student to agply these principPes to his

new learning expériences. One dpproach is to lead the student
through assigned readings and have him bring discussion questions

A .
>

153 62 .




. and reduce their homework requirements for other areas.

plane (Question 5, page 105 of the text). /

-1(2) engine protection, .aids
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to class. A good guided discussion would certainly promote
more learning than lecturing or other methods. )
Fqr this chapter, an understanding of your students' interests
ang abilities is essential. White some students will be bored
and disinterested, for some students this could be the most -
interesting part of the text. If you recognize a specific X
interest in individual students, you should make an effort to
individualize the method of instruction for them. They could
be assigned time-consuming construction or drafting projects

-

You may want to-spend some time on mechanical advantage.
Students are almost always interested in demonstrations of the
pulley, lever, gear, and the inclined plane. (Also, you ’
want to point out that the man on the left in Figure 63 lacks
intelligence in two ways. Not only is he not using a lever,
he's also using an incorrect 1ifting technique which could

lead to a hernia.)

Comfarisons with familiar items are always effective. For .
example, (1) the landing gear can be compared to an automobile's
shock absorbers, (2) the aircraft hydraulic and electrical
systems also have automotive counterparts, (3) some cars now
have antiskid (why?), (4) knives, grinders, can openers, etc.,
offer excellent examples of s%;gsses, and (5) a wrecked auto-
mobile (there's probably one $n the auto*shop) offers a graphic
description of stresses. '

Your more advanced students might be assigned some Qomputation

problems. They could compute the amount of work done by a .
lever or a hydraulic system. If ydu want tp impress them,
merely mention that an aircraft hydronlanes when its speed ,
gquals nine times the square root of the tire pressure. Then
ask them to compute the speed their automobiles would hydro- |,

Apswers to Chapter VI Questions: R L
13) false spar /
1) 4.3 b, 2 ¢ 1

1) d. all of the above

engine cooling

(3) streamlined containers
for auxiliary engine

. systems

(

(

(15) to give more stability

(16) a.> 2 b. 1 c¢. 1
"ﬂ» !

(

. 17) six pounds
(4) fuselage .

1-54
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' | (5) a4 b5 c "1 (18) two inches o O "
(6) true A emp foxtbock section
. (7) false S (20)‘ 1;§s
(8) 1light; étrona; rigid ©(21) oleo struts

P
v

(9) semimonocoque (22) antiskid -

(10) the Toad p1aced on the (23) b. 'tricyc1e
aircraft in flight -

poLA (24) ‘bicycle
. ,6?111 a. maximum applied load - _ . |
Coe 02 a2 b2 1 d2 e 1 I
- h, Student Eext'aséignment: réad gngs 85}307, o Lil' SR s \:
L 6. INSTRUCDRONAL AIDS® .. . = = . | T +
a. Films: . ,'~ S . . '

: 1) USAF + . ‘
‘ o ()[\ v \
g _TF-1-5300 Beyond the St1ck and Rudder 14 min. , B&W,
S | 1959, | \

. o TF 6332 Hydraulic Brakes. -zPr1nc1p1es of Opgration,- -
. 22 min,, B&NW, 1967, ** .
S (2) FM :
FA-602 A Plane Is Born, 27 min., color, 1968, '** .
R FAC-135, The Wind Is Right, 28 min., color, 1971, wor* ,
{

FA-807 Plane Sense, 20 min., color, 1968, *
b. Transparencies
C e y-1000 Airplane Components '
© V-1004 B-2, Tail Structure (not furnished after 1971)
V-1052 Basic Hydraulic Fluid Sysfem '
7. PROJECTS:

. a. See page 105 of the text.
' _ ' 1-55
O - ' ) . "Ll :




d.
e‘

f.
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Build an airplane. Not as far fetched as it sounds. Naturally
it should be done through the industrial arts,department.

Ptans are available from the Experimenta) Anrcraft Association,
A1; Education Museum, P Q .Box 229 Hates Corners, Nisconsin
53 30. . et .

'

~

Buw]d a Narren Truss as a shop project and test its strength. *
On a sma]]er~sca1e, it can be constructef;21fh toothpicKs and
glue. . ){

Invite an FAA Insp‘ctor to exb1hin to the
for wben making airworthiness inspections.

lass wha he 1ooks

Severd aircraft systems such as.spark plugs are dup]icated
(redundancy) .~ Have your students discuss this. - :
Constiruct aircraft models of various aircraft. Have students
report on the construction features.

3

FURTHER READING: “

NOTE ;

. See page 105 of the text. , . ) J

Ajrgraft in Flight, CAP.

erosggce magazine.

-

Aviation Week and Space Technology (December 12, 1974, pp 48-49),

The TUSC News

Refer to "Alrcraft Design Ca]cu]ations," a supplement to this
handbook .by Lt Colonel Darreld K. Calkins, USAF -(Retired),:
Wilson High School, Florence, South Cardlina-{SC-51).. This
supplement is 1ntended to integrate the materials taught in
this text with more advaaped aeronautical technology. Use

it as a challenge for your more advanced students.

I1-56
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GHAPTER VII - AIRCRAFT INWRUMENTS
. .

This chapter introduces the student to aircraft instruments.
After the student learns about classifying instrument systems,
he can then examine selected instruments and.their operation.
Because later units examine some of these instruments in
depth, this .chapter provides only a quick look at the entire
instrument panel with emphasis on flight control instruments.
The student should finish the chapter Rnowing why aircraft
have instruments and what inforgigion ‘the pilot derives from
them, . v

Py

- 1. "OBJECTIVES:

a.’ Traditional - Each student. should: - \

(1) Know two ways in whféh aircraft instruments are classified '
and one example of each group. .

(2) Know what each class of instruments does and how it works.

«

(3) Know how at least three flight control instruments are_.
used. ‘ ‘

' b. Behavioral - Each student should be able to:

(1). Outljne two ways in which aircraft instruments are grouped
- and give’ at least one example. for éach group.

(2)~ Describe what each class of instruments does and how it .
. Works, . ,

(3) Discuss how aEJJeast three f]fght control instruments are.
used, '

2. 'SYGGESTED OUTLINE:

v

. a. Ai?Eraft instruments are no more complex to a pilot than auto
t . instruments ave' to a driver. ‘

b. Eariy 1nstrumgn§s
o A1) Airspggd,measyred with wind gauges
(2) Didn't re%]]y need'altheters and navigation instruments

(3) Early fuel gauge ‘ :: ‘

4

(4) Early attitude indicator "

©I-57 .
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. (b) _Navigation

(2)

~

'G. Instrument classification - . T
(1) By usage : .
(a) Engine

(c) ET?ght

By principle of operation

(a) Mechanical - gyroscope operation
(b). Pressure ' “

(c) Electrical
N \

d. Engine instruments and what they.indicate

(1)
(2)
(3)
(4)

Tachometer - engine speed (RPM)
Temperature gauges - 0il, cylinders, carburetor intake
Pressure gauges - oil, fuel, manifold

Fuel quantity gauges - fuel supply

e. Navigation instruments and what they dndicate

(-
(2) ‘ﬁltimefef'- altitude
(3) .

(4)

/

Airspeed indicator - airspeed:

’

Compass - datermines direction of flight based on 360°
circle N

Clock - measures time

f. .Flight instruments and what they‘indféate

(1)
(2) .
(3)

" (4)
(5)

Altimeter - altitude
Airspeed indicator - airspeed

Turn and bank indicator (needle and ball) - evaluation of
a turn in flight

(Raté of climb indicator - gaif or loss of altitude

Artificial hor{zon - attitude of aircraft .

A

1-58 2
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.y ". e ' s .-;_--'-... 3 * e .t . .

','.:'.'.. a. "“fﬁ.é-.-fxfilqt,cqnn E‘adequa{_tély and accura'te1y sense all of ti\e‘
v <andittons af. a'ircr_aftva‘nd of flight.. Engine status,. :

-~ Foooow o aireraft at’titude._,.anc}fcamponenf'hif_oqnation must be measu
T " dand,clearly-indicated! These.readings.must be extremely - o
L _ accurate and .readily available to the pilot: The pilot- {s
LNy " .@bsolutely dependent jon, these’ instruments for safe operatio
b ‘of-the engine and powerplant, . - . .
K " b. Emphasis s on flight insthuments becayse ‘navigation and |
REERT - Pressure instruments are covered in other-tekts. /
iy 8L SUGGESTED KEY POINTS: .. BN

o . a. - While they look complex, .aircraft instruments are
gL really ‘quite;simple and generally-easily read once
**{.9162, p 11~ they're ufderStoad. Also, in miltiengine aircraft,
. e &)-engi_ne instruments 'are-duplicated for each éngine,
A - Referring. to the denter cluster of instruments in
© . .Figure 65A, there ‘are really only eight instryments
- ‘¢ but they're duplicated four times.  This cluster °
. system makes it very-easy to detect'.;, malfunction

. s e on one engine;- If‘"oth Jnstrument i different,~
: .. o © oo check farther, ). T T
' : e, TN 20 R
‘ ‘ . u.b. Mrcraft inst¥umendd are classified in‘terms of
— B »  their use or in ‘terms.of -the principle underlying
‘o« *VI9118, pp * ' their construction. ‘Throughout your.lesson,.stress 4
, - 248=270 - ° . that-what .theinstrumegt tells the.pilet. is moré
R © impdrtant than how-itewprks. .Later in the course,
. . if.appropriate, the dt€unational~field of instru-
RN - ment repair apd desigh ‘can.be discussed.
ST Lo : '." .. o )
A o (1) Engine instrumepts ‘Wi¥e only one function,
***y-9005, pp 59-60 - to let the,pilat kfiow how ‘the engine is
T WRRV.0161, pp 2-28, ozerating. Foy, the reciprocating. engine,

2-33-36 the tachometer, tbmperature gauges(, pressure:
**V-9162, p 15 : -gauges, %and fuel quantity gauges are generally"
: " " basic. A beginning studentgmay feél too much

) ) stress is placéd ‘on engine instrumerits until -
.you pgint eut that,-unlike a car, you can't
/ pull §Ver and park when' the engine guits.

-

ot

+

. « ' ° {2) Navigation insx‘z\:um\é_nts are p?imarﬂy to keep -
**y-9187, pp NAV-1-2; the.pilét from getting lost. These will be
RN-1-4 . discussed in more detafl in the navigation

- text. - '

g

: ‘ ' 5 ' (5) Flight instruments aid khe vilot Ln ‘estabfisﬁ-_
‘-/ ***V-9002, pp 236-237 ing the attitude of thg aircraft.® An ex- -
. -perienced pilot with the ‘aid of some né‘xi'gaﬁon

;" . 1-59[\6 . "‘ S ‘é
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!

: | . ,
\ instruments, nekd never see| theputside of
" Lhe aircraft except for takpoff|and landing.

. / .
c. Severdl flight inskrumé%ts use gyroscopes in order

/
! *k*Y_9118, pp 271-, to maintain a constant ref rence| point even when

/ 280 the ajrcraft is execuying agrobatic maneuvers.

F*V-9156, pp 156- . For this-reason, the ;igidi y in{spage feature
161 should be emphasized ‘as well as the act that out-

***y-9162, p 17 side disturbances such as magnetjsm .do not fn-

| w0187, FL-13-¥

**%.9005,
*x.9161,
*x*\_0187, p

fluence its functioning. | -
A propeF]yGBanked level turn with the forces in
balance is a coordinated turn. The pilot uses
the needle and ball (turn and bank indicator) to
determing whether or not he'is makfﬁg a proper
turn. Rate of turn may, also be gained from the
artificial horizon.

Mani‘?nstruments aid the pitot in determinfng
whether or not he is changifg altitude, but the

227-228 . two primary instruments %re ithe rate of climd |

0

T T

161-62 (vertical speed) indicator and the artificial
rz-ls horizon. Using the artificial horizon, the pilot
FL-7  can quickly tell the aircrafg's attitude whether
he is turning, climbing, or. escendinq.

5. SUGGESTIONS FOR TEACHING: -~ ! V.- /

-

-

a'

b.

c'

.how wel

'ba11 in that Trection.

. |
' |

v

Suggested time: 2-2

The depth and mekhod of instr&ction will depend primarily on

% your students have grasped the principles of flight
taught ih Chapters I, IIT,] IV, and ¥. Opening with a review
of the four forces of f]igft and aircraft motion and control
is"appropriate. You might! ask your students which of the
four forces apply to a baskball pitcher's curve ball and
then ask them to explain hbw. Most of them will quickly "y
recognize thrust, drag, and weight. Some will say 1ift, '
but few will rea1ize?thaf it's pressure differential 1ift
that causes the ball to cugve. Because the ball is spinning,
the relative wind is fasteg on the side rotating forward, ///’
thereby reducing the pressure and 1ifting (displacing) the

. /

You should use a "hapds on" approach for this chapter. A
flight simulator is ®he best possible instructional aid

for this chapter. A poor man's g]ternative is transparency
V-1011. An.excellent approach i§ to turn off the overhead,
adjust the instruments, then turn it back on and have the
students identify the afrcraft's attitude, speed, altitude, etc.

1-60 ; 0
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' *d. This chapter presents an outstanding opportunity to review
and reinforce the forces experienced in.a turn studied in
Chapter V. Here again, you can use V-10}1 and ask the
. students to draw the correct turn vector® and resultants
based on the instrument readings. :

~ FEBRUARY 1975

-

. e. The most effective way to explain a gyroscope and its

" characteristics is to actually operate a gyroscone. If yqu

do not have one, the science department will almost sure

. be able to loan you onel A word of caution,. your ts

.may well have already studied gyroscopes recently and you

then will merely want cover its importance to a study of
aircraft instruments. '

f. Instrument and contro] arrangement in the cockpit is a science
. in ftself. A brainstbrming session on where all the things
/ * L, in the cockpit'shou]/ best be located should generate/a
lively discussion. ~

g. Answers to Chapter VII Questions:

(1) true . db) navigation instrument
j
(2) piece of string (10) airspeed indicator and
i * altimeter- ~
‘ (3) engine, navigation,
flight (11) owest bank for th; rate of
turn .
> (4) agyroscopic '

| (12) g, f, h, e, a, i,/b
: (5) rigidity in space and '

precession (13) rateof -climb indicator,
. airspeed indicator,
(6) false - artificial horizon,
altimeter

(7) a. temp. b. pres. .
€. both d. temps e. pres. \‘

(8) prevent fuel starvation, better 1ubrilation

\

0 -

6. INSTRUCTIONAL AIDS: t

~ h. Student text assignment: read”pages 109-1

oo a. Films: / . _ .
Y (]) USAF . T ‘ . o !

TF-1-5342A Instrument Flying Techniques - Basic Instru-
ments, 30 min., B&W, 1961. * '

L]
® (2) FAA - & e
| FA-06-71 Dusk to Dawn, 28 1/2 min., color, 1977, **
s )

'. ~I-6}\\T7 ?. \
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- FA-09-03 Disorientat1on 19 min., color, 1973, **
FA 704 StabTﬁ and Safe 20 min., co]or, 1963, **
’ b. Transparency " \
V-1011 Flight Instruments
c. Miscellaneous - '
(1) Gyroscope (V-2010)
(2) F1ight.Simu1ator (see page 46 this handbook)
(3) Homemade simulator - plans for building one plus a set
of printed instrument faces can be purchased for approxi-
mately $2.00 from: R. Brownsberger, 72 Parkway Avenue,
Markham, Ontario, Canada

7] PROJECTS:

a. S e pages 128-121 of the téxt. f/

b.\ H ve a schoo] photographer take pictures of adgtual aircraft
!Zfstruments and use them for display purposes/

¢. fGet instruments from the §€§e salvage depot{ |

" ¢

d. ' Paint instruments on the bottom of No. 10 canp.

. Invite an airiine pilot és a guest speaker of instruments in
the mpdern aircraft.

8. ,FURTHER READING:
ﬁ. See page‘]Z} of the text.
§6¥‘3Aircraft in Flight, CAP. . ////,/’”7__‘
. €. AFM ‘5'1-37, Instrument Flying '

d. AFM 51-40, Air Navigation

e. Private Pilot's Handbook of Aeronautical Knowledge, FAA
(AC 61-23) ‘

f. -VFR Exam-0-Gram No. 45, "Airspeeds and Airspeed Indicator
Markings"

. g. Commander's Digest, Vol. 16, No. 7, August 15, 1974, "How
Simulators Aid Service Training."
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